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PREFACE 


The first edition of Fractures and Joint In)unes ” was written under the 
tlireat of war, the second with the realisation of war, and the third after 
the experience of war The wnting of many pages has been disturbed by 
the fall of bombs and the crash of timber copj has been destroyed by the 
effects of fire and explosion , proofs have been delayed by the emergencies 
of casualty surgerj Once again I must apologise the book has been out 
of print for many months But although war creates difficulties it stimulates 
progress, and particular!} the progress of surgery This lias been true 
throughout the ages More suffering has been saved than was inflicted by 
all the wars of history and the conflict upon which we are now engaged 
has proved no exception In former editions I was proud to claim the 
experience of nearly 50,000 civihan casualties but it would take more 
than a lifetime of civiban practice to equal the experience of the last few 
years For example, wliereas nearly all previous studies of fracture- 
dislocation of the talus Iiave been based on isolated cases, it has been possible 
in the first two jears of war, in the Royal Air Force Medical Service, to 
rcMew no less than seventy five examples of this rare injurj Much has 
been learned and scarcely one page of tlie book remains untouched I am 
grateful for these opportunities, and still more for the pn^ilege of treating 
officers and airmen whose courage, endurance and spirit I ha\e learned to 
respect I would record my indebtedness to the Secretary of State for Air, 
Sic Archibald Sinclair, to the Air Council, and the Director General of 
Medical Services Air Marshal Sir Harold Whittmgham I am grateful to 
the team of surgeons who are workmg with me, many of whose con 
tnbutions are acknowledged m the text, and particularly to Wing 
Commander Ian Dick artd-hw^ife who laboured bo conscientiously m readmg 
proofs and preparing the ina^ ) I owe a special debt to my faithful colleague 
and close friend Osmond Clarke, who was referred to by a grateful Czech 
pilot, with affection and only slight confusion, as Air Commodore Sir Kobby 
Clarke His industry, entlmsia^^v and clieerfulness have been infectious ; 
every orthopedic specialist of the Service has gamed by his mspiration , 
we have worked side by side , wnthout his aid I could not have succeeded 
Every chapter has been redrafted Kew sections have been added on 
open and infected fractures, war wounds, sequestrectomy, vascular injunes, 
immersion foot and shelter foot traumatic oedema and the crush sjiidrome, 
gangrene due to tourniquets, Volkmann’s iscli^inic contracture, traumatic 
asphyxia and chest mjunes, avascular necrosis of the hip jomt, distraction 
of fractures radiographic diagnosis of union, internal fixation of fractures, 

“ no touch ” teclinique, treatment by onlay grafting, burns and contractures 
of the hand New recommendations ate made m the treatment of supra- 
spmatus tendon ruptures, Monteggia fracture dislocations of the forearm, 
recurrent dislocations of the shoulder, fractures of the navicular and fractures 
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of the spine Spinal injunes m air crews, naval casualties and nir borne 
troops are reviewed Neu methods of treatment are described for congenital 
pseudarthrosis of the tibia, acromio cKvieular dislocation, fracture dislocation 
of the talus and supracondylar fracture of the femur The technique of bone 
grafting the scaphoid is illustrated I am mdebted to 3Ir Boyes for hia aid 
in rewriting facjo niaaiUary rnjunes to 3Xr CoJien for Ins stimulus and 
interest in vascular surgery, and to Professor Seddon and his team at Ovfoid 
for material on isehiemic contracture I would pay special tribute to Sir 
Bremner Highet, a brilliant young Burgeon of engaging peisonality whose 
clinical ability, operative skill and scientific achievement liave been paid 
as one of the tragic costs of war His full contribution had not been made 
British surgery has suffered a grave loss 
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In previous editions the final sentence read ” The solution lies in the 
establiatiment of rehabilitation centres More can be done by a few 
weeks of rehabilitation than by months of bght work or ye<ars of ina&sage ” 
The note was one of optimistic hope that an important development would 
be achieved But at that time it liad not been accepted , I was still urging 
Its merit I had urged it to a conference of surgeons in Liverpool in 1932, 
to the British Medical Association Committee on Tracturcs m 1934, to a 
meeting of important industrialists m London in 1935 to a joint committee 
of the B A and T C in J936 and to tiie Delevigne Interdejiartmental 
Committee m 1937 Jn company with Sir Halter Citrine and Dr lit]} 1 
outbned the details of a mode! rehabditntion centre, nnd after wc had 
giien evidence and been thanked as ideabsts whose heads were m the cloudt 
the Committee turned to practical matters* But witlnn a fen months of 
the outbreak of war idealism became fact H hen an orthop'cdic service was 
developed m 1’ A F general hospitals throughout the country, rehnbilitntion 


was introduced in every fracture ward and m four special rehabilitation 
centres TJie Army followed suit with “haidening centres ” , centres are 
now being organised for the Miners’ Welfare Commission , retrammg centres 
are being established by the Ministry of Labour rehabilitation is on e\ erj 
lip It IS no longer necessary to plead rehabilitation has been accepted 
Patients forget their broken backs legs and arms It is now possible to 
break jour neck and enjoj it Treatment is concentrated not only on the 
imion of fractures but on the function of hmbs not only on surgery and 
manipulation but on gymnastics and recreation not only on the relief of 
physical disability but on tlie cure of psychological disorder This is the 
most striking development of fracture treatment in recent years, and a 
special clniiter is demoted to its consideration 
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Shortly after tlie outbreak of w ar it became obvious that many surgeons, 
whose evpenenee lay in other brandies of surgery, would bo engaged m the 
emergency treatment of bone and joint m(unes I held a senes of courses 
at the British Postgraduate Medical School In three years over 500 British, 
Dommion and American surgeons joined with me m discussions, lectures 
and practical classes , and in conclusion we mdulged in a mental exercise — 
a ten minute review of the highlights of fracture treatment At the request 
of friends I have made at these courses the review is included m tins edition 
It is intended to be no more than a cocktail and an appetiser 

“ Sly story is not long but it tookmea long time to make it short ’’-TnoREAU 
The new edition numbers over 200 pages more than earlier editions and 
for this reason it is published m two volumes , but it is no more difficult 
to read because the expansion is due largely to added radiographs, diagrams 
and photographs , time has again been dea oted to brevity of text, careful 
choice of illustration and the difficult task of securing proximity betw ecn 
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relevant text and illustration Indeed it has taken three times as long to 
illustrate the book as to ^rrite it, but I am convinced that this is the essence 
of good teachmg Through the Medical Research Council I have had in 
\ aluable aid from the Metal Box Company, u ho as a war contribution made 
available the services of Jlr Heiuiell Hk colour photograph} surpa'sses 
anjdhmg I have known He has gamed a wide knowledge of blood and 
bone , he has shared with me the vicissitudes of war , his camera and mj 
scalpel have worked together 

To all who have helped I am grateful To friends colleagues and 
surgeons, to administrators, commandmg officers and medical officers, to 
nnrsingsisters niirsmg orderlies and tedinicians, to V A D clinical secretaries, 
medical gymnasts and masseuses to Miss Hulme for long and loyal service, 
to ray secretaries and radiographers for cheerful work m difficult circuin 
stances, to Livingstones and Jlr Charles Macmillan for skill in surmoimting 
obstacles to the engravers, printers and binders for care and attention to 
detail to mj uife Monica and Bame for forbearance uhen “ Daddy must 
work,’* to all who have co-operated I am most grateful 


(IlAas iwAlw-v 
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PART I 


THE PRINCIPLES OF 
FRACTURE TREATMENT 



CHAPTER I 


THE REPAIR OF FRACTURES 

A fracture of bone is the rupture of a living connective tissue, and its 
repair is achie\ed by the cellular grouth which characterises repair in all 
living tissues The training of a surgeon in the treatment of fractures 
must therefore begin ivith the physiological and pathological reactions of 
living tissues Only after that does the art of surgery develop vnth the aid 
of mechamcal apparatus, splints and plaster, and with the technique of 
manipulative and operative procedures 

HISTOIiOGICAL FEATURES 

Repair by granulation tissue — ^In its early stage, the histological picture 
of a healing fracture resembles that of any traumatic or inflammatory 
ewidate undergoing organisation The exudate is the partly fluid and partly 
clotte d h fematoma between the bone ends, beneath the raised periosteum, 
and in adjacent tissue spaces Surrounding and invading tJie huematoma 
IS a rapidly groumg loose fibrous tissue of the cellular granulation type, 
showing eyidence of hyTierasinia in the dilated and engorged capillaries 
Layers of granulation tissue formed by each fragment complete the resorption 
and organisation of the hiematoma and if the fragments arc immobilised in 
apposition both layers meet and unite 

Union by primary ^callus — Meanwhile trabec ulie of hypertrophio ca rtilage 
cells de\ eloping in the marroTv space and sometimes almost occluding the 
medullary cavity mark the first stage of callus formation by tlie endosteum 
(Fig 1) Similar Ccallus formation takes place beneath the penosteum, 
especially in younger patients where the membrane is easily stripped Tlie 
fibroblastic granulation tissue between the fragments, by which continuity 
has already been established, is then invaded and replaced by the irregular 
trabeculse of cartilage in uhich a proportion of bone cells and bone matnv 
gradually appears Hy pertrophic cartilage cells form the prominent feature 
of the histological picture until about the sixth week, but osteoblastic activity 
and matnx formation continue for a furftier three or four weeks The 
earlier byperaemia and vascular engorgement disappear, tliere is increasing 
calcification, cand the exuberant growth of a formless, almost tumour hke 
mass of irregular bone and calcified cartilage completes tlie first stage of 
bone umon 

Consolidation by mature bone — ^Primary' callus gradually matures to 
fully' formed bone by a process of structural transformation The irregular 
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I)one IS replaced b\ lamellar trabeeiilai which are laid down in the usual lines 
of stress and strain Periosteal new bone is absorbed and tlie original contour 
IS restored Tubulation is completed bj reappearance of fat and marrow 
cells in the temporarily occluded marrow _space In a variable time, but on 
the average in about one year, the fracture may’- be so perfectly healed that 
its site cannot be determined 

CUVlCAt_FEATURES 

The iiealmg of a fracture is of course one continuous jirocess Three 
histological stages have been defined — ^repair b\ grannlatjon__tissiie, union 
by primary ^Uus and consolidation by mature bone — because they corre 
spond to three stages in the clinical history of a fracture Throughout the first 
stage the fragments are freely mobile and the delicate granulation tissue 
must be protected from the in3ury of mo\ement and the injury of evccssive 
traction During the second stage the growth of cartilage and bone cdU 
kads to increasing stability and the fragments become sticky ’ Pro 
tection of the growing cells from the injury of mo^ement b\ complete im 
mobilisation of tlie fracture is still essential The end of this stage may’ be 
judged by chmcal tests there is no longer elasUcity oi springing and the 
fracture is painless when strain is applied This is the stage of chniral uinoa 
Splints and plaster may’ often be discarded 2Cc% ertheless recaleification is 
far from complete and there may be no certain radiographic evidence of the 
union which has taken place In the thml stage of consohdnfmi of union tlio 
bone is mature and fully recalcified and there is then radiographic as well 
as clinical e^^dence that the fracture is soimdK united ' 

BIOCHEMICAL FEATURES 

Deposition of calcium m the growing tissues constitutes one of the 
important distinctions between repair of fractures mid rep'iir of soft tissue 
injunes During the first few weeks after a fracture there is a greatly in 
creased concentration of cakium and pbosphoriis in the fracture h'ematoma 
The general blood calcium level remains unchanged, and the local excess 
is derived from the bone_ends Three factors are concerned in this 
process of decalcification of the bone ends and bypercalcification of the 
hcematpma 

1 Histamine and acetylcholine — In all injured tissues, the liberation of 
histamine and acetylchobne causes vaso dilatation and InTieranin Bone 
reacts to hyperfemia by decalcification *'and transference of calcium from 
the fractured ends of the bone to the surrounding fluids continues until the 
hyperiemia subsides Only then does recalcification begin 

2 Phosphatase content of the fracture hsematoma — Within a few days the 
phosphatase content of the fracture hieniatoma, and of bone m the region 
of tile fracture, increases to six or eight times the normal lei el ^ Pliospliataso 
IS a bone enzyme, secreted by prohferating cartilage cells and osteoblasts, 
and always foimd wheie bone formation is most actne ^ It liberates free 
phosphates by hydrolysis of the organically bound phosphonc acid of tlie 

* W&tsoD JonesnndBoberU Calcification I>ecalclflcntionandDs.lficatioo /ir I Jour Siirg 1034 xxl 161 

* Bott^icUand Kint! rho pliatasc Iniiwhirts Zanerf Juno 1 193o l’<! 

•Robison Mgulflcanre ol PlujspbwlclislcrsiiiMrtnholi m acsi lorK 103’ 
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plasma, tlnis causing supersaturation with calcium phosphate of tlie fluids 
bathing the bone ^ The phosphatase excess persists for about ten weeks 
throughout the stage of active growth of cartilage cells and osteoblasts 
3 Acid tide o! the fracture bsematoma — ^During the fir^t two weeks after 
fracture, the hfematoma shows a marked acid tide, the pH then sponging 
back to the alkaline side of normal ® The significance of this tide is'not 
fulJj’ recognised, but it is elearlj as^ciated with local biochemical actuit\ 
The fracture lifematoma ma3 be regarded as a closed chemical facton, 
utilising its own store of calcium, mobilising, concentrating, and redepositing 
the salts as required The process cannot he accelerated b} attempting to 
raise the blood calcium level, bj increasing the calcium intake, by alum 
treatment which controls the phosphorus intake,® bj vitamin therapy or 
endocrine therap} or even b3 the local implantation of calcium salts or 
phosphatase * It is accelerated onh bj avoiding factors which prolong 
the period of decalcification Mobihsation of calcium is an essential earh 
phase of repair but it is a source of dela3 when unduh prolonged b} the 
decalcification of disuse or the decalcification of traumatic and mfective 
hjperfemn 


PATHOLOGICAL FEATURES 


Hypersennc decalcification of bone — H3’periemia of bone is aln-ajs 
associated with decalcification and ischsemia with sclerosis In osteomyelitis, 
decalcification of bone continues so long as there is active infection ind 
h3’perfiemia \^Tien the lixTer^mia subsides recalcjfication begins, and with 
the final reparatne stage of fibrosis and isch'enna the bone undergoes dense 
sclerosis Even if the bone itself is not infected, if it is adjacent to n focus 
of mfection and comes withm the field of luperjenua it undergoes decalci 
fication This is seen ty picaU3 in the septic finger where there is decalcificn tion 
of the phalanges even if there is no bone infection It is seen m certain 
tonsillar and ph'ir3mgeal infections w here there is such a degree of h\ pertmic 
decalcification of the atlas that tlie transver«!e ligament /s loosened and the 
bone dislocates {p 261 ) Rapidlx gromng \asciilar sarcomata caiwo bone 
decalcification even beyond the limits of the tumour which disappears when 
the blood supph of the tumour is reduced by intensive X raj therapy 

Traumatic hyperamic decalaficatjon — SimilarH after injunes of hone, 
even after simple contusions traumatic h3'per£einia causes local dccalci 
fication ® ® If a joint is sprained tlie bone in the region of the damaged 
ligament is temporanh decalcified tlie carpal bones of workmen who u«c 
pneumatic drills show man3 sucli foci Mhen there is an actual fracture, 
the reactionarj h5’per»mia can^ses decalcification of the bone ends wIiicJi 
continues as long as the hv’peraeraja persists 

Traumatic hypereemia o! imperfect immobilisation — If the fragments are 
imperfectlj immobilised shearing and twisting strains tear the joiing grinu* 
lation tissue Repeated traumatisation accounts for a rccumng hy~per,vnva, 
and more and more of tlie bone ends undergoes decalcification A crack 
becomes a cavitj, a linear fracture becomes a gap fracture This change is 


‘ T liman Drummond ItclnU re B ganl Pbosi 
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seen most clearlj in fractures of tlic carpal scaphoid bone (Figs 2 4) Within 
a feu dajs of injiirj tl e fracture maj be so fine a crack as to be overlooked 
m radiographs it may appear so timal that there is a temptation to ignore 
it If it IS not immobilised perfectly the fine crack becomes an obvious 
fracture within tuo or three tv eel s and a cyst like cavitj within two or 
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A recent fracture cl the scapho 1 m^y be so fine a crack aa almost to be ore looked (F g 
If 1 13 not ramob I sed repeate I franmata cause hjpersem c dccalc fieit on and the crack 
r dens to a gap (F g 3) en t s mmob 1 recalc ficat on takes place and the 

fracture un tea (F e, 4) 

three months the bone ends showing concave surfaces If at anj stage 
the fragments are completelj imraobil sed decalcification at once ceases 
recalcification begins the cavit> slowly fills and the fracture unites 

If shearing movement continues mdefimtely fibrous tissue is laid down 
parallel with the fractured surfaces and there is no continuity between the 
fragments With the final stage of ischsemic fibrosis recalcification occurs 
not in a continuous mass of callus but m the plaque of bone across tl e 
concave bone ends AM en tie fractured surfaces become sclerosed non 
union IS established 
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Infective hyperamia and the repair oS !raclures-B hereis m a simple 
fubside'; "fl ' a from further injnri traumatic Inperamm 

subsides ivithiii about ten dajs m a compound infected fracture the inilial 
traumatic lupeiscmia is folloued by lufective InTiemmia uhich is even more 
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Infected oompound fracture of tJ e 1 1» a tiro moaths e r n on Ja and ttrcj o 
months alter ujur^ Prov ded that complete inmoblty is mamtanel the 
granulat on t asue gradually recalc fica and the fracture un te* 


intense and ma^ persist for se\ eral months Throughout this tune decalci 
ficition of bone continues Only when infection ib controlled niid h 3 pen?mii 
subsides can recaloification begin Treatment of the infection is obMOusb 
important Sequestrated fragments of dead hone must be removed as soon 
as thev have separated otlemise persistent low grade infection dclavs 
reealcification and union of the fiacture for luontl s or even jears But 
important as earlv control of infection may be continued immobilitv of the 
fragments is no less important because decalcification duo to the hvperainia 
of repeated movement and strain is no less harmful in infected fractures 
than in simple fractures Indeed the process of repair is the same and the 
need for complete immobility of the fragments is the same Tl c onlv differ 
ence betv een a simple fracture and an infected fracture is that iti the presence 
of infection piotection must continue for many niontlis longer If this is 
recognised non union of infected fractures is no longer a serious prohlem 
Everv infected fracture unites firmlv b\ bone (Figs > “) 


THE 'REPAIB OF FRACTURES 9 

RATE OF REPAIR OF FRACTURES 

Influence of age — In the .average uncomphcated fracture there is con- 
timiity of granulation tissue m a few weeks, union by primary callus in two 
or three months, and conaohdation of bone in four or five months But 
many factors modify the rate of repair Capacity for the growtli of new 
tissue IS greater in the infant than in the adolescent, and still greater than 
in the adult A fractuie of tlie sliaft of the femur m a day old infant maj 
be firmlj nmted in one month, m a fifteen year old jouth m tw'o months, 
and in a fiftj ^ear old man only m three or four months Malnutrition, 
cachexia senile osteoporosis, and deficiency disease.? may also exert a retarding 
mfluence 

Influence of type of fracture— In long oblique and spiral fractures where 
the marrow cavitj is w idely opened, there is a large vascular area to promote 
tissue growth, and union is usually more rapid than in horizontal fractures 
wliere medullary callus fonnation is more limited 

Delayed repair of gap fractures — Union is more rapid if the fragments are 
impacted into each other than if there is a gap between them Given time, 
even considerable gajis maj be bridged, but repair is more difficult Tliere 
IS no natural fixation of tlie fragments, and absolute immobility is more 
difficult to achieve Moreover if the gap is the result of continued traction, 
union IS still more difficult Anj scar tissue subjected to tiaction becomes 
weak, and attenuatixl, and m the case of a fracture, bone formation is dis 
eouraged For this reason, the repair of fractures of long bones treated by 
excessive continuous traction is very slow ^ factors, Iiowever, are 

responsible onlj for delaj in repair The fracture still unites even despite 
a gap between the fragments and despite confimied traction, if complete 
immobility is raamtamed long enougli 

Individual variations— -Even m fractures of the same type, sustained bj 
patients of similar pliysique and age, there may be wide variation m tJie 
rate of repair To believe that repair is necessarily abnormal because it is 
slower than the average is a fundamental mistake A fracture is not to be 
labelled “ un-umted " simply because union is incomplete uithin a certain 
number of weeks or months It may be following a perfectlv normal though 
slow progress 

VASCfULARITY AND THE REPAIR OP FRACTURES 
One of the most important factors in determining tlie rate of union 1 ? 
the vitality and vascularity of the fragments If both fragments liav’e a 
free blood supplj , union is rapid if the blood supply of one fragment is 
impaired, union is slow , if the blood supplj of both fragments is impaired, 
union IS very slow , and if one fragment is completely cut off from the 
circulation, union is verj slow indeed 

Necessity for free Wood supply — Rapid growth of the granulation tissue 
which initiates healing of a fracture demands a fiee blood supplv', and even 
for the first few days an actual hypersemia The blood supply of normal 
bones is derived not only from the mam nutrient vessels but from many 
other vessels entering the cortex through capsular, hgamentous and tendinous 

* Falrbank “Ad\anccs In the Treatment of Fractiu** roil Cfod fl/erl ,rottr , 1037, sill an. 

* Watson Jones and Coltart Mow Unlioof Jiartares Snl Jour laif xm, 26<j 
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attachments At the ends of Jong 
bones in the region of s3Tiovial reflections 
and joint capsules there are scores of 
vascular foramina Through these fora- 
mina there pass not onU' veins from the 
bone but aIi>o arteries to the bone ^ Indeed 
m ground children this metaphjseal area 
IS more nchlj supplied with blood than 
anj other region Even in the adult tJie 
ends of long bones have a verj free 
blood supplj and fractures unite rapidlj 
Fractures of tlie neck of the Jiiimems 
supracondylar fractures of the humerus 
fractures of tlie neck of the radius 
CoUes’ fracture of the radius, supra- 
condylar fractures of the femur, fractures 
of the tibiaJ tuberosities and fractures 
just above the ankle joint are all character 
jsed by rapid union Similarly, the in 
nominate bone uhich has manj liganjent* 
ous attachments and uhich shows vascular 
foramina on all its surfaces, is freeh 
supplied with blood and fracture repair 
IS again rapid 

g Impaired blood supply of one fragment 

TheJower abaft* of the humerus and tib«a other hand the lower third of 

aredeTOidofraacuIarforamuia Thcblood the shafts of the tibia, the hlimeniS 
supply lacnbrely from the nutnentarteo and the uhn be entirelj deioid 

of vascular foramina The bone m these 
regions depends mainly for its blood 
on the nutnent artery (Fig 8) A 
fracture otthe shaft maj cut off this source 
of snpplj from the lower fragment, so that 
the vitaht\ of this fragment is impaired, 
its contubiition to the grouth of granula 
tion tissue and callus is feeble and union 
IS slow (Figs 9 10) This difference in 
the vasciUaritj of the tw o fragments ma\ 
be a striking feature of operations per 
formed for non union of fractures of the 
lower shafts of the humerus ulna and tibia 
^^hereas the bone of the proiimal frag 
ment bleeds freelj the distal fragment 
mil appear almost exsanguinated In 
these cases the poor blood supply has 
been responsible for slow union and 
failure to prolong th8 penod of immobi 

lisatlOn according!! has been responsible artorj from the lower fragment, 

for non union Union w therefore slow 

‘Jolnson Pl>!ioloRlcal«turtrotthcBloodSopplr‘>in*n»I*>*''’ Jwr BoifanJJointSuiv ,I02~ lx 153. 
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A fracture of the lower shaft of tho tibia 
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Impaired blood supply of both fragments — Fig 11 is the radiograpli of 
a double fiacturc of the shaft of the tibia Roth fractures were sustained 
simultaneous!} The treatment of the two fractures by manipulative 
reduction and immobilisation m an unpulded plaster cast was identical 
K’e\ ertheless the rate of repair is aery different The upper fracture was 
firnil} consolidated in five months Fig 12 shows the radiograph after 
eleaen months of continuous immobihsation Repair of the upper fracture 
IS so complete that practically all trace of the mjurj has isappeared, 
and aet the lower fracture is still far from firml> united What is tlie 
difference m the blood supply of the two fractures ^ The apper fracture 
lias a normal blood siipph on the proximal side and an impaired supph on 


nc a 

Double fracture of the fouer shaft of the 
(ibn At the up|icr fracture the blood 
supply of ODB fragment is impsired At 
the lou er fracture the blood supply of both 
fragments is impaired 


(faiOD at the upper fracturo v>as some 
(that eloir and was complete only after 
fire raontba Un on of the lower fracture 
IS «ry slow It IB still mcom{!cte after 
eleven months 


the distal side which has been cut off from the nutrient artert Union 
therefore was rather slower than normal The lower fracture has a poor 
blood supply on both sides even the proximal fragment has m this case 
been deprived of its blood b> a second fracture higher in the shaft Since 
neither fragment has an adequate blood auppl} neither is capable of pro 
moting vigorous granulation tissue growtli and a bone grafting operation 
was neccssar} before firm union was secured 

Complete loss oi blood supply to one fragment — If the blood supply is 
entirely cut off from one fragment so that it is completely avascular, the 
fragment remains inert and can take no part in the proce&s of repair TJu'; 
occurs in certain fractures of tlie neck of tho femur tlie carpal scaplioid 
and other bones (see Clnpter V Axascular Bone Necrosis) There is radio 
graphic evidence of this ai asciilanta for the dead bone cannot decaleifi 
and it appears more dense tlian the adjacent Inmg bones winch undergo 
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disuse and IiyperTinic decalcificMion If one fragment takes no part at all 
It IS obvious tint repair must be extremelj slow The relative mdolence 
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D glocat on of Iunat« and half acapho d w lb complete loss of blood supply to 
the prox mal scapho d fragment (prov^ by ils apparent dens ty — see p 75) llcsp to 
this radiographs two months e x months tea months fourteen n onths and e ghtcen 
months after injury show steady inxas on of the avascular fragment and ult mafely 
un on of the frseturo 

of cartilage and bone cell proliferation is ehovn bj absence of the local 
phosphatase excess' vhich is characteristic of all other ta'pes of fracture 
(p o) But although repair is, slow it can still be accomjjJished ifiminobilisa 
tion IS smtabH prolonged The hvmg fragment promotes tissue growih 
a\ Inch slow Ij invades and ultimately replaces the dead bone T1 o j rocess 
iua% occup^ eighteen months or even two jears and immobility of tie 
fragments muvt be inamta/ned throughout this time (Figs 11 18) 

B /« r 1 
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CHAPTER II 


DELAYED UNION AND NON-UNION 

Non union of fractures is due to the failure of surgeons much more than 
to the failure of osteoblasts With few exceptions it is an avoidable com 
plication It has been customarj to enumerate manj etiological factors 
such as imperfect apposition of fragments, interposition of soft tissues, 
distraction of the fragments, impairment of blood supplj, functional 
disuse infection of bone, osteoporosis, senile change, operatue interference, 
stripping the periosteum, plugging the medulla reaction to plates and 
screws the inhibitorj effect of syno\ial fluid and Lack of blood clot between 
the fragments The latest addition to the list is compression of the fracture 
Inematoma bj an unpadded plaster cast But these conditions although 
the) may influence the rate of union are not the cause of non union There 
IS onl) one cause of non umon of fractures with a continuous hroinatoma 
between the fragments — the cause of non-union is inadequate imroobihsation 
The rate of repair has already been discussed Age makes the difference 
between imion of a fractured femur m three or four weeks m the infant, 
and three or four months in the adult hut at all ages, even over the age 
of ninety fractures of the femur unite Impairment of blood supply ma) 
delay the process of repair but if fractures showing this delay are protected 
Jong enough they still unite Operatue exposure of a fracture maj reduce 
the blood suppl) by stnpping soft tissue attacJiments from the bone , but 
if post opemtive immobilisation is adequate phtmg and other operations 
do not cause non m ’on Excessive traction causes striking deh) in tlie 
healing of fractures but union still takes pheo if iminobilisation is prolonged 
E\en severe mfection of a fracture is not a cause of non umon if immobilisa 
tion 18 maintained for twelve months or e\en longer 

Age constitution, blood supply mfection, type of fracture and method 
of treatment make union diffir idt or easj , sJo» or rapid If these conditions 
are favourable as for example m fractures near joints where hone is \ ascular 
and cell growth vigorous a fracture maj unite despite imperfect iininohilit) 
But if the conditions are unfavourable and cell ^ow tii is slow and difficult 
the fracture umtes only wlien inimohihsation is adequate and pi-olonged 
The cause of non union in gap fractures infected fractures, phted fractures 
and fractures with poor blood supply is not the gap the infection, the jilating 
or the blood suppl) , but tlie failure to recognise that these factors cause slow 
union, and the failure to prolong immobilisation accordmgl) 

In a senes of 800 conseeutne fractures of the shafts of the femur 
and tibia recentlj investigated,* there was a high proportion of comminuted 
contaminated and se'verel) infected fractures, man) different methods of 
treatment had been used including mampuhtion and plaster, skeletal 
traction, open reduction internal fixation, etc Whatever technique Ind 
been emplojed there was alwajs insistence on continued and uninterrupted 

' TItoseos«es sre aaalstetfatletill InVIspter \\\1 
2 >3 
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immobiljsation until repair was complete In the iiliole senes there iras not 
one case of non union Manj fractures uere slow in uniting hut not a smsle 
fracture failed to unite ° 

DIFFERENTIATION OF SLOW UNION, DELAYED UNION 
AND NON-UNION 

Fonnerij, a certain number of weeks was fixed as the period reqmred 
for the union of a fracture m each region — clavicle tiiree weeks, scaphoid 
four weeks tibia eight weeks, femur ten weeks, and so on 'More recenth 
the periods ha^ e been extended Three months is now granted, or e\ en 
four months ^ hut the fundamental error is still made of fixing a penod 
at all The dictates of a calendar are accepted and every fracture not united 
withjn the specified time is labelled un united ” A new regime of treatment 

15 then instituted the plaster is removed heat and massage are employ ed , 


1 


hammering and damming* are prescnbed a walking calliper splint is 
fitted Immobih«ation is necessanij suspended It would he a*? I'easonahte 
for a gardener to uproot eveiy plant not m Bower a specified date in 
order to stimulate its growth bj heat and chemicaK Growth ina\ ha\o 
been naturallj slow or it maj have been delaaed b^ injudicious treatment 
A dehj of weeks or even of months does not mean that union must nccc" 
sarih fail Whatever the passage of time if a fracture is still in the stage 
of slow union or delajed umon the e^ntnl treatment is to leave it 
undisturbed and protect it bj contmued immobility 

Slow muon — The fracture line is clearly visible, but there is no undue 
sepaiation of the fragments, no cavitation of the surfaces no decalcification 
and no sclerosis These are the appearances of an\ fracture during the 
first few weeks, if the appearances are maintained for more than a fe« 
weeks union is slow (Figs 19 21) Indolence of the fracture is due to 
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15 


its tjpe, its blood supplj, or the age and constitution of the patient 
Union has not been unnecessarily delayed, and it is not an un muted 
fracture It mil still unite if it is immobibbed long enough 



Six monthi old fraetuie of tbe sc&phoid shoeing decalcification and 
ravitation (Fig 22) After adequate immobiUsatioa the decalcification 
eca*^ and the fracture unites (Fig 23) 

Delayed union— Repeated motement of the fragments uitli reactionary 
hypenemn. has decalcified the bone ends, and the fracture line has widened 
to a ca\ity ” Mith an outline uoollj and lU defined As yet there is no 
recalcification or sclerosis (Figs 22 22) It is a case of delayed union, not of 
non union Repair is not \ et complete , the gaj) is filled ith granulation 
tissue not uith scar tissue The essential treatment is to avoid the move 
inent and strain which lias been re 
sponsible for decalcificntion TJie 
fracture must be more completely 
immobilised and the immobility 
must be continued for many weeks 
or months until losses are made 
good until the gap is recalcified and 
union consolidated 

Established non-union— If move 
raent of the fragments still continues 
the third stage develops after many 
months The gap between the fng 
merits may havepaitly filled but the 
margin is now vi ell defined The frac 
tured surfaces are relatively smootli, 
andw hen recaleifi cation causesactual 
sclerosis the battle is over cellular 
activity ceases andnon unionisestab 
lislied (Fig 24) Tlie fragments are 
joined by dense «Car tissue, and a false 
joint may develop w ith serum locnla 
ted in the cicatricial mass No matter 
how long immobilisation of such a 
fracture IS continued, bony union will 
never occur It is essential first to 
break down the sclerosed tissue, and 
to initiate anew traumatic hy^perjemic decalcification by cutting through ava'^- 
cxilar scar and dense bone, thus exposing v ascular tissues capable of promoting 



Fig 24 

Established non-tuuon 
Old fncturo of the tihia showing dense si 
of the fiactucwi siirfaeos Xon union i 
estaWisJicd 
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granulation tissue growth In fact it is essential to reconstract the con 
ditions of a recent fracture and then to jramobilise adequatelj and con 
tinuouslj as should have been done in the firet place These objects mai be 
achieved by freshening the fractured surfaces or hj drilhng the fragments 
111 many directions through a short incision i They may be acJiieied shJJ 
more certainly by a hone giaftmg operation because cuttmg a bed removes 
sclerosed hone effectiveh and the fitting of a graft augments immobihsation 

SLOW UNION DUE TO POOR BLOOD SUPPLY 

The sloiv imion tv Inch sometimes occurs m otherwise unconiphcated 
fractures is illustrated m Tigs >8 32 A healthy middle aged man sustamed 
a fracture of the shafts of both leg hones There was a punctured Tvound 
which healed without infection no open operation was needed no con 
tinuous traction was employed After ten dajs in a padded plaster cast, 
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Impairment of bloo I supplv of one f-agment may cause slo c mon in fractures of the neck 
of the femur ^asf of the sca{ho(l necA. of the astragalus and ccrtan fractures of the 
shafts of long bones 


complete immobilitj wns maintamed an unpadded plaster from the toc-> 
to the groin Radiographs tal en after three months show indolence of tlio 
fracture and the patient was warned that progress would bestow A hone 
grafting operation was considered wath the object of accelerating union 
but the patient preferred conservative treatment with its equally certain 
result Functional treatment was maintained bj active exercises and 
weight bearmg m plaster At the sixth month there was sfill no e\]dencc of 
calcified callus and climcal tests showed unsound union Nevertheless 
confidence remained luishaken and immobihsation was continued At the 
mnth month the fragments began to fuse and after twelve months’ con 
tinuous immobilisation union was sound If immobilisation had ceased at 
an earlier date the fracture would have failed to mute Slow union would 
have become non umon The non muon would not have been inevitable 
as so often is assumed it would have been avoidable 

Slow union of this degree is seldom seen in fractures of the shafts of long 
bones not complicated by infection excessive traction or open operation 


TbUU dfscr l>cd ss 


In nltrd IVict 


Beck K hnne drillfnit b ( Rp ks article In {9 9 ' 
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Fracturo shaft of tibia with slow unum due to poor blood supplj of distat fmgnicnt 
showing tho degree of «n oa thite bix eight nine and twelve months alter fracture 
Prolonged an I complete immobilmt on la es^ntial to avo d non union 
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but it IS slgnlfic^nt thit the norrail process of repair ein sometimes list 
as long as tuelre months In fractures of the carpal scaphoid bone and 
fractures of the neck of the femur impairment of blood supplj occurs more 
often (Figs 2o 27) An accurate foiecast of the necessary period of im 
mobilisation cannot be made The fracture of the scaphoid with complete 
interruption of blood supplj illustrated m Figs 13 18 imited onlj after 
eighteen months Similarly m fractures of the neck of the femur experience 
recentlv gamed bj the nailing operation shows that the process of repair 
may occupy from tw'eUe months to two or three years 


SLOW UNION DUE TO EXCESSIVE TRACTION 

Slow' union of fractures lias occurred with increasing frequencv m recent 
jears There can be little 
doubt that this la associated 
with the higher standard of 
accurate reduction and end to 
end apposition now demanded 
and particularly with the 
methods of si eletal traction 
w Inch are employ ed in achieving 
this reduction The danger 
does not he in tlie correction of 
overriding of bone fragments by 
neutrahsmg the elastic recoil and 
spasm of muscles but m over 
correction m eseessive pull 
which separates the fractured 
surfaces and distracts the frag 
ments and especiaih in over 
correction whicJi is maintained 
for sev eral day s or w eeks by the 
suspension of heavy weights 
from a skeletal traction pin 

The danger o! skeletal trac- 
tion — Powerful traction is avail 
able from a pm driven through 




Compare the rap d un on of sp ral an I oblique fractures 
(» mdar to those m F gs sa 41) hen no tract on is 
and Fed spfacemeTit spre ei ted by a r tail aia 
transfix on scren’ (Opera antb W es-Caart lonad) 


the bone and attached to a weight suspended over a pulley at the foot of the 
bed By increasing the wei^t to 2) or 30 lb it is easily possible to cause 
o verlengthem pg or di^^tra ction In compound fractures es 2 )ecially in war 
injuries where the muscles surrounding the bone are severely damaged muscle 
weakness may be so profound that distraction is produced bv as little as 
10 to 15 lb weight Iloreover there is often such los s of_t fyie that when 
the fragments are once distracted they are not pulled together again even 
when the weight is reduced and the gap persists The bridging of such a 
gap offers unnecessarv difficulty m the repair of a fracture But the delav 
js much greater than would be accounted for by tiie tune taken in bridging 
a gap Many months are added to the necessary period of immobilisation 
even by sbght separation which is rapidly corrected (Figs 33 37) If the 
fragments are distracted at the most dan^rous period not within a few 
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dajs of injurj but after several -weeks when the fracture ln;matoma is 
organising and being replaced bj cellular tissue a fracture -uhich -would 
otherwnse unite in two or three months unites onlj after ten or twelve 
months It behaves evactlj as if the blood supplj had been seriously 
reduced as m the case sho-wn m Figs 28 3‘> It is probable that this in fact 
IS what occurs and that slow union after eicessive traction is due not onh 
to the obvious tearing apart of jutuig 
cellular layers but also to the strangling 
b\ tension of capillaries in the organising 
h'cmatoma so that indolence continues 
even after distraction is corrected (Figs 
33 41) It IS noteworthy that the effect 
18 most pronounced in the middle third 
of the tibia where the blood supply is 
alieady poor and it is less marked m 
a vascular bone like the femur The 
delaying influence js least eaident jn the 
shaft of the fibula 

/ • . The greater danger of traction 

without immobihsation — There is even 
^ ^ I greater danger when traction IS used to 

\ control alignment as well as to prevent 

v *4 I overriding the method adopted by 

. BobJer m tteitwg fractures of tie 

shaft of the femur and by some 
surgeons in treating fractures of the 
tibia No local sphntage or plaster is 
used the limb rests on a simple cradle 
and the weight alone maintains length 
ahgnment and apposition It is often 
found that weight sufficient to preaent 
angulation causes distraction of the 
fragments and if the weight is reduced 
to prevent distraction angulation recurs 
(Fig'S 45 49) The temptation to emploa 
excessive traction is almost irresistible 
Moreover to the delay of cxccssne 
traction is added the delay of inadequate 
immobihsation This technique has been 
responsible for many ca«es of non union 
particular^ in fractures of the shaft of the femur Skeletal traction must 
be used with caution The practice of attempting gradual reduction of dis 
placement oaer a period of mana weeks by continued heavy traction on the 
limb must be abandoned The object of treatment si ould bo to correct 
disp] icement at once wathm a daa or two of injiira and then to immobiii'se 
in the corrected position using the least possible traction and certainh no 
more than is strictU necessary to prevent redisphcement In the tibia it is 
better to preaent redisplacement of an unstable fracture by a Mtallium 
transfixion screw (Figs 4‘^ 4J) than a trictioii pm and suspended weiglit 
The danger ol skeletal transfixion — Another technique recently develojicd 
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\n example of grossly excess ve t b al 
tract on Not onJ as the f mb orer 
lengthene I and n on senou Iv dela>ed but 
the knee jont ligaments were sererelr 
stretched and the cruc ate hgament ras 
actuallv a ulsc 1 rith a fragment of boi e 
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m the Umted States, is to drive one or more pins through each fragment, 
reduce the displacement hj mechamcal means and incorporate the puis m 
a plaster cast, or in a special apparatus rrluch locks them together and prevents 
approMuiation (Figs 2S8 200) If the fra^ents are fixed in distraction, 
nith a slight gap hetueen the fractured surfaces nmon is verv slou The ^ 
sequel is exacth similar to the slow imion of excessive skeletal traction^-sJ 

DELAYED UNION DDE TO INADEQUATE IMMOBILISATION 
Tuo purposes are seraed bj the immobrhsation of a fractured hone 
(,1 control of position thus aaoiding displacement of the fragments and 
mal mion and (n) protection of growing cells, thus avoidmg delajed union 
“nd™n union Sphnts or plaster which are adequate for the first purpose 
Zt vet he inadequate for the second. AU the injunea illustrated in Pigs 
anpear to be adequateh immobUised The frachirc of both 
^ “ f Iprr protected from angulation and deformity b\ the pKstei 

i““to the kn?e certaTulj bj the plaster to the nnd thigh 

1 * v nf Blasters controls rotation niovenient of the upper fiag 

but E^en the mid thigh cast allows rotation of the femur to 

ment of , fragment of the tibia, because the knee joint is 

ed ‘ M slTh” ^iTuo. movement is prevented delajed luiien 
fullj extenoea r. forearm plaster mai preteiit gross 

f WerMof he fracture o? both foiearm bones (Fig 52) hut the cast 
displacement of the 1 pronation movement, and this movement 

IS not -x.o.sjsi Strom on the fracture of the ulna ^liich cau‘‘e«« 

f nor the plaster cast used for the 

1,011 muon “f^'^controlhng wrist movement (Fig 60), and 

fracture of the seapUoia , / i not displace, the fracture uill 

although the fragment o , degree of immohihsation ilhistiatecl 

“nn”*- tumsTas actepted Tela^ioafTmatment At that time non 
m these figure j. enumerated to explain it 

HieTe”d for priStion of gnmmg cells hr more complete 
^o^^ that the yn,nn of these fractures does, not occur 

immobilisation is r®“g demands (i) adequate immobilisation, 

(./"nimX^i ^obihsStion (m) immobJisation for an adequate 

Adequate “5° hough less complete fixation would siifiice 

tore must be immobihsed m * „,ions needed to protect fractures 

to present '^r am discimaed in later paragraphs 

from rotation'll and ° , rp},e immobilisation must bo continued 

Umnierrupted 1 uas to prevent deformit\, 1110 ^ 

^Mthout mtemiption If t e 1 changed uould he 

ment of the fragments at the^meUia^^P^ 

ummportaiit If a neu p astei 

single movement or mter\al ^hen unguarded moaenients arc 

IS to be applied there remoicd h\ the surgeon him«clf 

permitted The discar P assistant m tlie ante room 

in the theatre not h\ a nurse t},e fragile tissues nnd never 

“SessTianX^g and strum which mwj eien .amount to rcfractum 
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It as obnoais that imion of a fracture can never take place af refractures 
are sustained at regular monthlv intervals everj tune the plaster is changed 
hntnobihsation for an adequate penod — ^The immobilisation must continue 
imtil the fracture is united however long that ina\ be — eight to twche 
weeks m the average case four months m some caees and si\ to twelve 
months or even longer m exceptional ca<«es There is no fixed number of 
weeks for the repair of anj fracture If everj fractured tibia is taken out of 
plaster at the end of eight weeks all slowly repairing fractures fad to umte 
If the arbitrar\ penod is fixed at ten weeks or at twelve weeks the incidence 



joined by an luuntempted gronlh, r tbeearli gt8<^8 of grannlAtion 
Issue and m the later sts<T3 of eallus Contm tv » established 
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Healing of an imperfectly mmobiliaed fracture Shearing an I 
rotation stra ns create a plane of cleavage Continuity is interrupted 
and fibrous tissue is laid down pirallel inth the fractured arfaccs 

of non umon is lower but there wall still be failures Immobili<5ation must 
continue regardle'is of time until there m chnical ei idence of sound union 
Comjdeie tmmobihsalion itnid unton ts vowitd — It is not enough to im 
mobihse a fracture coinpJeteh for eight or ten or twelve weeks and then 
protect it bi some les>s adequate form of immobili!>ation — for example 
in a fracture of the tibia by changing from a full length plaster to a below 
knee cast If umon is alreadx sound such protection is iinnecessarv If 
muon 13 not already sound the inadequate immobilisation induces traumatic 
liyfiericnfie decalcjfication once more and callus which has begun to calcify 
undergoes decalcification and absorption (!>ec Figs GO OJ) 

The danger o! rotation and shearing strain— The t\TX5 of moicincnt mo f 
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Ijarmful to the repairing fracture is a rotational or slieanng strain which 
creates a plane of cleavage between the fragments (Figs 53 54) Fibrous 
tissue IS laid down in the plane of movement, parallel with the fractured 
surfaces When recalcification finally takes place, there is no continuous 
mass of callus to he calcified, and the sclerosis merely seals off the bone ends 
This of rotational strain is clearlj evident m all the regions where 
non union was so common in former — the lower shaft of the ulna, the 
low cr shaft of the iuimerus, the lower shaft of the tibia, the waist of tlie 
scaphoid and tlie neck of the femur 

Rotation strain m fractures of the shaft of the ulna — When fractures of 
tlio shafts of both forearm hones were treated hj a pair of gutter splints 
from the level of the hand to just below the elbow, the fracture of the radius 
usually united without difficulty, but the fracture of the ulna remained 
un umted (Fig 55) The splints 
pre\ ented angulalory movement 
of the fragments, hut they did not 
present pronation and «upination 
of the forearm This movement 
IS a bucket handle swing of tlie 
radius round the fixed axis of 
the ulna The two fragments of 
the radius swing together and 
there is no torsional strain , the 
fragments of tlie ulna rotate on 
each other and the torsion prevents 
imion (Figs 56 57) So common 
was this error of treatment that 
fractures at tlus level were regarded 
as peculiarly susceptible to non 
union Indee<l this was chosen as 
the site of election for arthroplastj 
of the forearm m cases of radio 
ulnar ankylosis It was behoved 
that if the lower shaft of the ulna was divided by osteotomy, the formation 
of a false joint was almost inevitable Actually af the forearm is properlj 
immobilised bj a plaster cast from the hand to the upper arm, so that 
radio ulnar movement is completely arrested, fractures of the lower shaft of 
the ulna alw av's unite firmly 

Union IS often slow It may be necessary to continue immobilisation for 
four months or even longer, and the complete plaster to the upper arm must 
be retained throughout tlus time The surgeon must not be tempted bj 
the fear of elbow stiffness into replacing the complete plaster bv a short 
forearm cast at the eighth or tenth week A fracture of the ulna is subjected 
to greater rotational strain tn a short forearm plaster than if it ts in no plaster 
at all Movement at the superior radio ulnar joint is not limited bj such a 
plaster and pronation and supination are still possible, but close moulding 
of the plaster round the wrist obstructs movement at the inferior radio 
ulnar joint Rotation occurs more easily at the unsoundlj xmited fracture 
of the ulna than <at the stiffened inferior ratlio-ulnar joint The fracture 
of the radius may go on umting because there is no torsional strain, hut 
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forearzB plaster does not 
prevent supiiiiitioii pronatioa 
movement and the resuiting' 
torsion of the fragtoents of 
(he ulaa causes non union 



26 


THE PRINCIPLES OF FRACTURE TREATJMEXT 


reealcifieation at once ceases at tlie fracture of the ulna Decalcification 
takes its place, callus already developed is absorbed and non muon results 

Freedom from shearing and rofaiion 
strain tn fractures of the nbs — The ea«e 
wtli winch fractures of the ribs lunte 
d^pite constant respiratory movement 
was claimed to support the old fal 
lacious view that slight movement 
encouraged umon But respiratory 
movement of the nbs, is e^actU 
analogous to the bucket Iiandle sumg- 
mg of the radius Both nb fragments 
move together, and tlie intercostal 
fibrous and muscular tissues provide 
a perfect natural piotecfion from 
sheanng and rotation strain 

Rotation strain in fracture of the 
shaft of the humerus — A fracture of 
the shaft of the humerus is completeU 
immobilised only if both elbow and 
shoulder joints are fised by means of v 
a p!asterspiea(ChapterXXlII) Nei or ' 
theless most fractures of the humenw 
are characterised by suclvngorouscallus 
formation that imion takes place wathm five or si\ weeks even despite 
incomplete immobility Short gutter spbnt© or a plaster slab are sufficient 
and if the urist is suspended from the 
neck bv a collar and cu£f sling, miJd 
traction is maintained by the weiglit 
of the limb (Fig 58) Occasionally, 
howe^e^, fractures in the loner shaft 
are of exactly the opposite ty'pe 
Chmeal tests at the sixth week shon 
that the fragments are still freel\ 
mobile and umon has scarcely begun 
These are examples of slon umon 
due to injuiy of tlie nutrient arten 
and impairment of the blowl supply 
TJie same slow imion may result from 
excessi\ e traction The surgeon must 
be on guard Tlie short splints and 
shng nhiclx are adequate for other 
fractures of the humerus are entirely 




Fig 58 

Mobt fractures of the shaft of the Itumenis 
show vigorous callus formatioa and rapid 
union despite the obviouslr lacoaplete im 
mohili«ation of simple gutter splints 


inadequate for the indolent fracture 
If they are relied upon the fracture will 
fail to unite (Fig 59) ./Every’ move 
ment of tlie forearm and hand avax 


Indolent fractures of the shaft of the htaitero' 
mth slow uiuoQ not unite at all if ini 
mobili'Ation is incomplete Both shoulder an<l 
elhow joints must be compfelclc' in3niolulf.''«! 
bi means of a plaster spica 


from the chest w all rotates the 


lower fragment of the humerus and strams the cellular growtii whitfi 
IS alreada so feeble Finn union is secured onh if the fracture is 
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protected from aU rotation strain by the complete immobilisation of a plaster 
spica 

This complete immobihfcy must sometimes be continued for many 
montlis Tlie liarmful effect of eien delated rotcitory moiement is proved 
by the case shonn in Figs 60 6? Union nas eharacteristicalh slov 
Despite complete immobility of the fiagments consolidation was not complete 
by the fifth month It was then believed tliat the fracture was firm enough to 
begin shoulder exercises and an unpadded plaster cast was applied from tlie 
wrist to just below the shoulder jomt Within two months the effect of the 
rotation strain is obvious Union is breaking down, the callus has decalcified 
and absorbed and established non union is already threatening in the 
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the fracture because tuisting of the knee can rotate the upper fragment 
of the tibia -within the plaster The plaster can be twisted round the lee 
Close moulding round the foot and ankle gives a seciue grip of the distal 
fragment of the tibia and every twisting movement of the plaster is trans 
mitted directlj to the site of fracture The position is exactU similar to the 
use of a short forearm plaster for fractures of the uhia or a wnst to a\ilh 
plaster for fractures of the humerus Half a plaster ts more dangerous than 
no plastei Tlie below knee cast lias no place in the treatment of tibnl 
fractures even in the later stages It gives a false sense of secuntj Either 
the fracture is already united and the plaster is unnecessary or the frachire 
IS not united and the plaster is harmful The plaster must extend from the 
foot to just belo-u the groin Moreover the knee jomt must be shgbtl^ flexed 
Even a full length cast does not perfectly immobihse a fracture of the tibia if 
the loiee joint is full^ extended The terminal degrees of extension are accom 
pamed by a locking movement which binds the femur and tibia together and 
makes them rotate together Rotation of the femur tw ists the upper fragment 
of the tibia and the torsional strain max prevent union When the fracture 
IS in the upper shaft of the tibia it raaj even be advisable to include the hip 
joint m a plaster spica so that there is no possibility of rotation of the femur 
Rotation and shearing strain m fractures of the scaphoid— It is not main 
years since a world famous radiologist said that lie had never seen a fracture 
of tlie scaplioid unite bone This was the day wlicn the accepted treat 
ment was tlie oppheation of a cock up splint for a few weeks (Fig “lO) 
Such a sphnt does not protect from shearing 
strain The scaphoid bes half in the proxi 
' mal row and half in the distal row of the 
caipus (Figs 64 Cl) With lateral move 
ments of the joint the distal fragment fends 
to move mth the distal carpal hones and 
the proximal fragment with the proximal 
bones This sheanng strain must be con 
trolled bj a plaster cast extending round 
the sidw? of tlie imst and hand thus 
preventing adduction and abduction moi c 
inejit 

Is shearing the onlj strain responsible 
for the former frequency of non union 
in fractures of the scaphoid^ In the other sites we haxe discus'ied — 
the shaft of the ulna shaft of the humerus and shaft of the tibia — it was 
jpotational strain which was mainly responsible Analysis of wTist movement 
shows that imperfect immobihsation allows similar rotational strain in 
fractures of tJie carpal scaplioid bone Dorsiflexion and palmar flexion 
are not simple up and down movements of the hand Tie shape of the 
articular surfaces shows that this moxement consists of a screwang of the 
proximal row of the carpus into the radius and of the distal row of tlie carpus 
into the proximal ro-w Examine xour own wnst first at rest and 
then gripped in dorsiflexion Dorsiflexion is accompanied bj definite 
supination of the carpus and hand on tlie forearm bones and this screwang 
movement locks the dorsiflexed wnst in the position of strengtJi W hen tlie 
scaphoid is fractured one thread of tl e screw is stnppcd Tlio slightest 




Fig 64 
A fracture of 
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dorsiflexion or palmnr flexion movement sc^e^^s the fragments on each 
other causes rotational strain tears the joung granulation tissue produces 
traumatic liyperaemia and decalcification and causes delated umon It is 
obvious that a ■plaster east avith padding is inadequate Everj degree of 
moaement is harmful and doselj fitting nnpadded plaster casts are 
necessary If tins immobility is mnmtained mnnterruptedlj^ all recent 
fractures of the scaphoid unite b\ bone and since in most cases the 
blood supplj lias not been damaged union is secured in about eight 
ueeLs If the plaster is nlloired to become loose to crack or to become 
iret and *odden and it is not immediately replaced union is alwa 3 s 
dela 5 ed the fracture ma\ then unite onl^ after ten or twelve weeks 
If the plaster is occasionally remoaed for clinical and radiographic evamim 
tion and the wTjst is left improtected for several hours ordajs umon is 
still more delajed and if these interruptions are repeated often enough 
delaj’ed umon passes finally into established non union 

Sheanng and rotation strains in femoral neck fractures — Until recent 
jears fractures of the neck of the femur were treated in plaster and non 
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Fwotore of the neck of the femur Fracture of the neck of the 

treated jQ plaster Nonunonisduc femur treated by na Ung Tie 

to tw *t Dg movements at the s te of fracture has united becau c 

fracture immob 1 tyisabsolufe 

union occurred in about 50 per cent of cases The modem treatment is 
to fix the fragments by a three flanged nail over 00 per cent of cases 
imite W hat is the difference between the fixation of plaster and that of a 
three flanged nail ^ In a plaster spica sliglit tw isting and turning of tlie 
pelvns and therefore of the loose femoral head is still possible within the 
plaster There is continued sheanng and rotation movement of the frag 
ments s/On the other hand a three flanged nail affords complete fixation 
The length of the nail prevents sheanng and the flanges prevent rotation 
of the fragments If the nail is perfectlj placed so that there is absolute 
imraobihtj of the fragments umon is possible m almost cverj case 

The influence of sheanng stram is proved bj companng the two tj*pes of 
femoral neck fracture The common type is an adduction injury tlie sliaffc 
and neck, of the femur are adducted in relation to the head (Fig 08) The less 
common tvpe is an abduction fracture the shaft and neck are abducteil on 
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the head (Fig 69) In the adduction fiaeture weight bearing shears tlie 
fragments on each other even if tJiere is no weight bearing and the patient 
lies in bed, contraction of the hip muscles causes siiiiilar shearing TheJme 
of movement of the fraginent*? is across the fractured surfaces , the frag 
ments rub on each otlier there is hvpera.mic decalcification and the bone is 
wornava 3 The hole femoral neck maj disappear TJiese are the fractures 
uhich never umte spontaneously which seldom unite in a plaster spica and 
which require the greater fixation of a nail The less common abduction 
fractures are displaced in the opposite direction, and the effect of weight bear 
ing and muscle retraction is to impact_the fragments together The axis of 
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Adduction fracture neck of femur Abduction fneture neck of femur 

The ajus of mo'cment of the fragments due to The axis of moTement of the fragments duo to 

niuscle retraction and weight bearing passes muscle retraction and weight bearing passes 

across the fracture There is shearing strain throi^h the fracture There is no sheanng 

Tho fracture does not unite unless perfectly etcain The fracture umtes even without 

immobilised treatment 

movement is not across the fracture causing shearing but through the fractuie 
causing impaction These fractia^s always luiite, even mthout treatment 
The jiroof that shearmg strains cause non imion w ould be complete if 
we found that the tendency of the adduction fracture to non umon became 
a tendency to umon when the adduction disphcenient was changed to an 
abduction displacement We find that this is so If such a fracture is treated 
b\ a trochanteric osteotomy, and the shaft is abducted so that the line of 
weiglit bearing and of muscle traction now passes through the fracture 
instead of across it tho fracture promptly begins to unite (Figs 70 71) 
This fact has an important beanng on the treatment of delated union in 
old untreated fractures of the femoral neck (Chapter XXVIll) 

Shearing and rotation strains after plating o! fractures- Screws and wire 
and particularly bone plates are said to be responsible fot non union It 
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]ns been suggested tliat a slight gap betneen the fragjnents is maintained 
bv the ngiditj of the plate but we know that much wider gaps than this 
can he bridged Again it has been suggested that the chemical reactions of 
the metal interfere with the normal acidity of the fracture hsemitoma 
\et we know that nails driven through the middle of the hsematoma do not 
prevent umon of fractures of the neiA. of the femur Paradoxical as it maj 
seem the non union so often associated with bone plating is again due to 
inadequate immobilisation At the time of operation the fragments are 
perfectlj immobilized bj the metal plate and screws ^ so firmly indeed that 
the hmb ma\ be moaed m e'er\ direction with apparent safetj The surgeon 



Two years old adduct on fracture tue The shaft of the femur has been abducted 
neck of the femur treated in a piaster by a IrochAtitcnc osteotomy The shear 

sp ca fjiuon la still unsound because ing stress has become an impacting fore© 

there is continued shearmg stress Un on is now soundly consohdated 

IS therefore tempted to discard external splintage altogether or to employ 
inadequate external splintage or to use external splintage for an inadequate 
penod But complete and prolonged external splintage is indispensable 
because the fixation secured b> the plate is iisualK not sustained 
Bone reacts to abnormal pressure bj absorption and tlie more tightlj the 
screws have been driven in the more hkeU it is that thej will loosen If 
external splintage is inadequate the pressure is increased and ever^ screw 
subjected to strain becomes loose Furthermore the screw s maa loosen bj 
toxic reaction m the bone or bx chemical ionisation® Within a few weeks 

Murray Pnmnrj Operatl « r tatlon In Fm lutes oT JinnK Bo es In Adults A rr Jot r c « 

_ bl Bud^btuclt bcleTcl Uat the loosen nif ot crews na d c to elcctrnlj UfKking to tic u c of allojs of 
freely ionisablc el n nts nr pj tes of tw etsl and of Th > ad ocate 1 \lti u on alloy 
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tlie fractiire is largely dependent on the external splintage for its iinniobih^i- 
tion, and rotation and shearing strains lead to the usual and inevitable 
sequel of nonunion If plates and screws are employed it is essential to 
protect them from every strain Complete immobilisation by full lengtli 
plaster casts or by spbnts must he contmued until umon-is sound It is 
possible that future experimental -work on neiv devices for the internal 
fixation of fractures may succeed in achieving the ideal of complete am/ 
sustained unmobibty even without the aid of spbnts or plaster But mean' 
hde it must be recognised that in the past the failure to supplement internal 
fixation by adequate extemai immobilisation Ins often been responsible for 
non union / 

DELAYED UNION DUE TO INFECTIDN 

The behef that infection is a frequent cause of non iimon of fractures 
has survived for many years Even in 1941, two Amencan surgeons report 
ing non union in 25 per cent of infected fractures displajed no surprise or 
regret, and clearly believed that failure in one fracture out ot four Jiad been 
inevitable In the same year a Bntish surgeon declared tljat immediate 
gmllotine amputation was often justified, on the grounds that the infected 
fracture would probably fail to mute, sinuses would continue to discharge 
and finally a useless limb would be amputated after > ears of suffering What 
a memory of former days ' The fact is that infection is not a cause of non- 
Timon , it is a cause only of delayed union Jf non lunon is alloued to 
occur, It IS due not to the infection but to the inadequate immobilisation 
permitted by reason of the infection Imraobihsation may be inadequate 
from the beginning because priority is giv'cn to treatment of the infection , 
complete and immterrupted immobilisation is sacnficed in order to permit 
Tegular inspection of the wound, frequent dressings and antiseptic uriga 
tions Alternatively immobihsation may be discontinued too soon A time 
limit IS fixed, and if the fractiure has not muted watlun that period, it is 
assumed that it is not going to vmite , the firacture is labelled “im imited,” 
complete immobilisation is abandoned and a protective appliance or uallting 
splint IS fitted 

Importance of prolonged and uumterrupted immobilisation — ^An infected 
fracture is exactlj hke a simple fracture, except that each stage of repair 
IS prolonged Bone is destroyed not onlj by injurj but also bj infection , 
bone 18 decalcified not onij by traumatic hypenemia but also bj infective 
liyperiemia in the infected fracture a gap may have to be bndged Jlore- 
over simple traumatic hyperajmia subsides within a few dajs, wliorcns 
infective hypersemia may persist for weeks or months Not until infection 
IS lieaJed and liyperivmia sulwides can recalcification begin and it maj be 
several months before the infected fracture reaches the stage of lepair at 
which the simple fracture arrives withm a few weeks Throughout tlie'=c 
months the infected fracture shows the same susceptibilitv' to ^hearing and 
rotation strain Jlovement tears the granulation tissue, arrests lecalcifica 
tion and creates a plane of cleavage On the otJier hand if immobihsation 
IS complete and uninterrupted, and is continued not onl^ until infection is 
healed but for several montlis afterwards until losses are made good and 
the w hole area is recalcified, infected fractures iimto w ith the same certamtv 
as fractures without infection 
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Closed plaster ‘ no dressings technique — ^The technique b\ uiuch in 
fection can he controlled and at the same time the fracture completely 
immobilised is discussed in Chapter X The principles are (1) drainage 
without dressing and (2) immobilisation without disturbance Free in 
cisions are made, soft tissues are widelj laid open •'O that no deep pockets 
or recesses remain, and the bone is drained The woimd is lightly packed 
with va'iehne gauze The fracture is then treated exactly as if it was a 
closed mjurj bj mampulatne reduction rmmobiiisation m splints or plaster, 
and if necessary by 
skeletal traction or 
skeletal transfivion 
with pins incorpora 
ted in. the plaster No 
dressing, inspection 
or irrigation of the 
wound IS neces'^arj 
If the drainage opera 
tioii has been cor 
rcctly performed the 
wound and the frac 
ture need not be dis 
turbed The jilaster 
IS changed onlj after 
three or four weeks 
and in the later stages 
at SIX. 01 eight w eeklj 
mtei-vals Care is 
taken to allow no 
strain or movement 
of the fragments 
during the time of 
replastering Com 
plete, continued and 
uninterrupted im 
mobilisation is mam 
tamed despite severe 
infection of bone and 
soft ti'isiies In the 
hands of surgeons 
skilled m this tech 
mque, nonunion has virtually disappeared as a complication of infected 
fractures 

Importance oi early sequestrectomy— Throughout the stage of active 
infection, radiographs show the chaiactenstic features of delated union 
The bone surfaces are decalcified, and the fracture has the appearance of a 
‘ cavitv " with a wooUj and ill defined margin It matters not whether the 
fracture is si\, twelve or eighteen months old, it is not an iin united 
fracture , it is a fracture with delaved union vrliicJi will mute if immohihsa- 
tion is continued The presence of a sequestnim in the region of the infected 
fracture prolongs the stige of deHjed union bj causing contiimed hviierirmn 




Six months old compound free 
ture of femur with delayed union 
There is sequestration, discharge 
from smusea and active infec 
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Since infection was active, non 
union was not established After 
oimple sequestrectomy and im 
inohihsation for several months 
the fracture united 
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and decalcification, and the sooner sequestrated fragments are remo% ed tJie 
better (Figs 72 73) The persistence of a sinus is evidence m itself of the 
presence of a sequestrum or foreign hod\. Even when radiographs fad to 
disclose a sequestrum the sinus should still he explored , fragments of wood, 
leather or clotlung which are not opaque to X-rajs cau®e the same reaction 
and the same delay as fragments of dead bone w Inch are opaque It is often 
astonishing hou rapidly a fracture will begin to umte after manj months of 
indolence when a discharging smus is healed hy removing the sequestnim 
which was responsible Tlie operation does not, however, consist m the 
scraping of sinuses or the <5erapmg of bone Surgical spoons should be 
issued onlj on hcence their use is fraught with danger Rough scrapmg 
max remox t some sequestra, but it produces manx more by trauma to the 
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bone and h} exposing fresh areas of 
bone to infection If possible tlie 
sequestrum should be remox ed bx simple 
dissection xnth scalpel and forceps, no 
chisel gouge or surgical spoon being 
employed In these circumstances the 
wound often heals bj first intention, and 
if the operation is followed b;> complete 
and continuous immobihsation the frac 
ture unites soimdlj within a few month*’ 
Exception to the rule of early seques- 
trectomy — Tlie one exception to the rule 
that dead bone should he remox ed at 
the first possible moment and as soon as 
it has separated is tlie sequestrum w Inch 
consists of the whole thickness of the 
sliaft of a long bone Fragments of the 
shafts of the femur or tibia several inches 
long max become separated from all 


Efiect of removing the whole thickness of the 
shaft at -the time of wound excision (Fic 74) 
The periosteal tube Las collapsed and the 
subperiosteal hsematoma is almost obliterated 
(Fig 75 four months later) 


soft tissue attachments and undergo 
avascular necrosis and sequestration 
If these large fragments are removed at 
the time of the original wound excision 


shortl} after mjurx , or withm the first two or three months the surrounding 
tube of penosteuiu raaj collapse and the subperiosteal h'ematoma he 
obhteratecl (Figs 74 75) There is no longer a continuous Jirematoma hetxveen 
the fragments, and the fracture cannot therefore imite The position is 
exactlj comparable to that which occurs after diaphx sectomy for acute 
osteom^eliti'' an operation now discredited because regeneration of bone so 
often failed In such a case it is better to defer sequestrectomy for several 
months, until a surrounding involucrum of suhjieriosteal bone lias been laid 
down therehx ensuring continuitj of the shaft When several inclies of 
the shaft of a bone must be reossified the imperative need for uninterrupted 
immobihsation is very obxuou*? A smgle careless inovument dtinng the 
changing of a plaster maj refraeturethexoimg callus and cause delax and re 
pea ted movements or continued strain prexent the fracture from uniting at all 
Non-union of infected fractores — If sequestra have already been removed 
and the wound is healed, but the fragments hixe still not been immolnli>,cd. 
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Old lafected gap fracture of the tibia wth non union due to early removal of a 
fragment con'sisting of the iihole thickness of the shaft (Fig 77) A bone grafting 
operation nas performed one long graft being used uith two additional short grafts 
placed end to end between the fragments After operation infection recurred there 
was an acute flare Stitches were removed and thewo ind was drame 1 but the grafts 
were not remove 1 (Fig 76) Complete immobilisation was maintained b> a plaster 
cast for twelve months Part of the grafts separated as sequestra and « ere removed 
later most of the graft regenerated the gap filled and the fracture united (Fig 78) 
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delaj eel union passes gradually into non union The hone ends are e\ en 
more densely sclerosed, and the intervening scar tissue is even more avascuhr 
than in the case of a closed fracture Immobilisation alone is now valueless 
The sclerosis must first be broken domi bj operation, and a new traumatic 
hypercemiQ decalcification must initiate om^ more the growth of granulation 
tissue 


The problems of treatment of the old infected un imited fracture Ila^ e 
in the past been dommated by the fear of latent and recurrent infection 
It has been suggested that bone grafting should he defen-ed for twehe 
months or even for two jears after quiescence of the infection LriHiiig of 
tile fragments instead of bone grafting has been practised A prelimnian 
manipulation is sometimes adiocated to see whether infection can he lighted 
up A two stage operation maj be recommended, first freshemng the bones 
and cutting the bed, and two or three weeks liter completing the gnft if 

_ . there has been no flare of infection , pre 

HV sumably if there has been a flare the project 

IS abandoned altogether When we recall 
that the source of the non umon w as not 
infection but inadequate immobilisation, 
B|l the situation loses most of its terrors 
Recurrence of infection is unfortunate 
because it may delay recover} by man} 
months, but be} end this little harm has been 
done Infective h}’pera5mja supiilenients 
the traumatic hyperiemia of operation, and 
sclerosed bone is decalcified and scar tissue 
revasculaiised with even greater certain!} 

A successful result may still be expected 
if immobihsation is prolonged Precautions 

should certainly be taken to minimise in 

fection so that the hfe of the patient or 
Recurrent infection after bone grafling |oss of the hmb 13 not endangered Au 
“r“ “Lt." -nterval of a. months after complete 
pated the graft absorbed non union quiescence of infection and healing of the 
recurred and the operation was wasted Will SUffice To Wait longer IS futlle, 

because living organisms ma} remain locked in the dense bone and scar 
tissue for the rest of the patient’s life Howeaer long operation is deferred. 


the risk cannot be excluded altogether 

If infection does recur panic must be avoided Drainage is established h} 
removing a number of skin sutiues, and the wound is gentl} packed witli 
vaseline gauze The graft is not removed (Fig 7G) In the same wa> that 
remo^al of sequestra consisting of the whole thicJmess of the shaft of a long 
bone should be deferred for several mouths in order to prevent collapse of 
the periosteal tube and encourage eubpenosteal ossification so renimal of 
tlie graft in an un imited fracture witJi recurrent infection sliould be deferred 
The graft assists in mamtaimng the neeessar} immobilisation, and it pro\ ides 
a scaffolding for the la}ang down of granulation tissue and bone Much of 
it IS leplaced b} new living bone After several months loose fragments 
which are not assisting m fixation of the fracture should be removed m 
order to prevent continued h}peramia and dela}ed recalcification 3Jio 
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sinuses at once heal, and after a further penod of immobihsation union of 
the fracture is consolidated If, on the other hand, imperfect immobilisation 
IS permitted at any stage, the ^ne grafting operation fails, and the surgeon 
18 faced with an apparently insolnble problem (Fig 79) 

NON-UNION DUE TO INTERPOSITION OP SOFT PARTS 

The first paragrapli of tins diapter concludes ‘ there is onlj’- one cause 
of non nmon of fractures uitli a continuous ha?matoma betneen the frag- 
ment — the cause of non union is inadequate immobilisation ” If there is no 
continuous liaunatoma and no ossifiable medium betireen the fragments, 
umon obviously cannot take place no matter hon adequately the fracture 
is immobilised Diaph} sectomy and the removal of large fragments of the 
shaft of a bone ha\e aheady been discussed collapse of the periosteal tube 
and complete obliteration of the fracture hiematoma prevent regeneration 
of bone and bridging of the gap fjimilarlj , when a small fragment is avulsed 
from a bone traction of muscles attaelied to the fragment may cause attenua- 
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Fractures of the ulnar ttjlotd, patella, internal epico&djle of humerus and tibial 
tubercle It hen a email fragment is avulsed, the fracture hsiliatoma may be obliterated 
by the interposiuon of soft tissues, and the fracture fails to unite 

tion and obliteration of the liiematoma, as, for example, in UMilsion of the 
epicondjles of the luunerus by the flexor or extensor muscles, of the tip of 
the olecranon bj the triceps, the great tuberosity of the humerus bj the 
supraspmatus the tip of a dorsal spinous process bj the scapular muscles, of 
a lumbar transverse process by the erector spinaj, of the anterior ihac spines 
bv the sartomis or rectus femons, or of the tibiat tubercle bj the quadriceps 
In other fractures tlve hfematoma may be obliterated by an interposed flap 
of living tissue uhich seals the fractured surface of one fiagment In 
fractures of the patella -with separation, the surface of the proximal fragment 
IS co^e^ed closely' by the aponeurosis of the quadriceps expansion In 
fractures of the base of tlie internal malleolus, bony union may be pre\ eiited 
by' a flap of penosteum torn from the adjacent surface of the tibia and inter- 
posed across the line of fracture Occasionall\ in a fracture of the middle 
third of the shaft of the radius, the surface of one fragment may be sealed 
m a similar manner by fibres of the pionator teres insertion In fractures of 
the shaft of the femur sustained as the result of considerable \iolence, one 
fragment may be dn\en so forcibly through surrounding muscle bellies 
ihat, despite traction and manipulation, the fractured surfaces cannot he 
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brought together, and the interposed mass of Imng muscle pre\ ents umon 
of tlie fracture lu all sueli fractures operative treatment to restore continiuty 
of the bone and apposition of the fractured surfaces is a necessary prelude 
to the immohihsation by which umon is secured 

Summary of the causes of slow union, delayed umon and non-union 
Slow union with indolence 

Impaired blood supply of one or both fragments 
Excessive traction, especiallj when continued for se^ eral weeks 
Belayed umon with cavitation 

Inadequate immohihsation, especially rotation and shearing strains 
Infection, especially when persistent owmg to sequestrat on 

Non-union with sclerosis 

No continuous luematoma — 

Biaphjseetoniy and earh remorat of large fragment* of the shaft 
Interposition of soft tissues and a\TiIsion of small bone fragments 
AU fractures — 

Cessation of immobilisation too soon, espwjallyincasesof slow 
union and delated union 

OPERATIVE TREATMENT OP UN-UNITED FRACTURES 
All umted fracture with sclerosis of the fractured surfaces maj be treated 
successfully bj drilling the sclerosed surfaces and then immobilising the 
fracture adequately and continuously (Figs 84 83) A bone grafting 
operation is still more certain because 
(a) the preparation of a bed is more 
effective m cutting tlirough sclerosed 
bone and scar tissue and imtnfmg 
hyperemic decnlcification and the groivtli 
of granulation tissue, and (6) the i^ajing 
of a gra^ prondes an internal spJmt, 
augments the necessary fixation and 
provides a scaffolding for the grou tii of 
lieu bone Tlie'je tivo factors — the re 
moval of sclerosed hone, and increased 
imiiiobilisatioji, outweigh iii importance 
any other fimction or properties of a 
bone graft The tyqie of operation to lie 
performed should he determined on these 
grounds 

Types of bone graft — TJiere are five types of bone grafting tecimique 
(«) onlay graft (6) simple inlay graft, (c) sliding inlay graft, (d) diamond 
inlay graft (e) intramedullary peg graft (Figs 86 90) 

Onlay graft — About one tlurd of the circumference of the bone i» 
excised from both fragments, leaving a flat surface of raw hone To tins j-* 
fixed a massive graft cut from the tibia Fixation of the graft w ns formerly 
achiea ed by prepared screws of beef bone or ivory and loosening or rapid 
absorption of the screws was the mam cnticism of tJie technique It is now 
customary to fix the graft by vitalhum screws winch do not loosen or 

’Henderson Jour Baiu aitdJomt ^rs 193^ xx 013 
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DriUmg for non union The trannutic 
hyperxmia decalcifies the dense bone and 
initiates a now groirth of granulatioa 
tissue If It 18 followed by perfect 
immobility the fracture unites 
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absorb ^ and onlaj bone grafting T^itli metallic screw fixation is a most 
successful operation Pailure is exceptional 

Inlay graft — This is the technique originally described by Albee * The 
bed IS cut with a twin saw The blades ate then separated by the width 
of two saw cuts so that the graft cut from the tibia is no narrow er than the 
bed If the technique is accurate the graft is sprung into its bed with some 
difficuitj When the graft is in position perfect natural fixation is achieved 
and tlie added fixation of soreivs orwire is unnecessarj The inlay operation 
IS applicable to the femur tibia and other laige bones but difficulties maj ari'se 
in un umted fractures of the metacarpals ulna clavicle and other small bones 




fyfi 


Fio 00 

Types of bone graft for non un on of fraofures — onlay graft vntb screw Station 
simple inUy graft sliding inlay graft diamond inbx graft intramedullary peg graft 

iShfZiJi^ 6oh€ graft—An alternative type of inlay avoids the necessity for 
the second operative exposure by which the graft, is cut from a health^ bone 
A graft is shd down from one fragment across the gap If the shding graft 
IS rectangular in shape it is smaller than tlie bed bj the width of two saw 
cuts and fixation is inadequate A shdir^ graft must therefore be w edge 
shaped and the exact angle of the wedge must be judged with precision ^ 
Furthermore since the fragments are often decalcified by disuse the graft 
may be soft and friable The technique is therefore reserved for patients 
who refused to allow the surgeon to tamper with the good leg 

Diamond mlay graft — Gallie * has been an exponent of the diamond 
shaped bed and graft The greatest width is at the level of the fracture 
where there is most sclerosis This techmque is therefore most effective m 
removing sclerosed bone It is less effective in maintaining immobihtj of 

Cr npbcUandBojd FUat ou of 0nl3> Bone Graft* by MtaMUim Screws Amer Jmr Surg 1611 If T 

* \lbcc lone grafts rgcra ^ew lorK I91‘5 
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the fragments because it is more difficult to cut a graft coinciding in slmpe 
and size -with a diamond sliaped bed than to cut a graft wjtJi a tmn san 
•which exactly fits a simple rectangular shaped bed 

Intramedullar}/ peg g-ro//— Tins js the least satisfactoi^ technique because 
drilhng the medulla to take the peg leaves the greater part of tlie sclero ed 
bone undisturbed ’Moreover, the medullary cavitj itself is plugged so that 
practically no source of nev. granulation tissue grow'tli lemams ^^hen the 
bone ends are denselj sclerosed the operation is unreliable Even if sclerosed 
bone IS freelj cut aivay and the wide gap between the fragments is filled 
mth a cricket bail graft pegged into each end according to the technique 
of Hey Groves * the results are still unsatisfactorj because the graft is weak 
where it is douelled doivn to a peg and because an mtramedullai^ peg 
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Ten years old un united supracondylar fracture of feiaur successfully bone grafted 

controls angulatoiy movement but not rotatory movement so that it fills 
m its purpose of providing complete internal fivation 

Technique of inlay grafting operation — It does not matter how nnn> 
^ears the non union has existed Equally successful results inaj be secured 
after ten jears as after ten months (Figs 91 92) In older cases there uiH 
probably be considerable deformitj and shortening of the limb So far as 
possible this is corrected before operation Angulation is corrected hi 
manipulative stretching of contract^ tissues and the hmb is immobi/iscd 
in plaster for a Meek or two until tlie reaction has subsided If tlicre is 
postural defomutj of adjacent jomts this is similarly corrected Uhen 
there is marked shortemng skin traction or skeletal traction is maintained 
for some weeks before operation The skin is prepared for twenta four to 
forty eight hours and no touch technique is used tliroughout 

The hmb is exsanguinated and a tourniquet applied In the upper limb 
a pneumatic tourmquet must be used to a\oid the danger of tourniquet 
ltd Cro s O 5lo<l n» Mrtlod of Ticatlns I rn t t« Bn lol 11 I “Oid r 1 "I'P 
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p^iriLsis An ordinary sphygmomanometer js efTectne if it is npjihed after 
the hmb has been emptied of blood and it is entireh safe if the pre^tsure is 
maintained at 200 mm An incision is made straight domi to bone ithout 
dissection into \arious planes The periosteum is raided from the exposed 




positioa A Tety accurate fit is essential 

surfaces of the fragments ^Mth its muscles still attached so that its blood 
siipph IS preserved All fibrous and scar tissue is ^emo^ed from the bone 
ends Projecting spurs of dense bone nhieh obstruct reduction are 
reinoted and the seJerosed bone is dnlled or chiselled so tint it is 
broken up It must not be remoxed too freclt or undue sliortenuig mil 
result Ihe tnin sau blades are then adjusted so that the bod mil be 
5 
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as mde as possiUe withont endangenng the strength of the nail of bone 
remaimng on either side A bed is cut in each fragment (Fig 93) It must 
be so jilaeed that the apposition abgnnient and rotation of the fragments 
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Istramedullaj'; bone grafting This is not recommfnded berause the graft does sot 
prereat rotatory movement of tho fragments and it plugs the medulla 
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Biamonil mlay graftmg of radius and simple inlay grafting of ulna The grcitcr difficulty 
in securing an accurate fit of the diamond shaped graft is apparent 


Will be accurate trben the graft is m position In fractures of the ulna 
radius and clavicle the bed should be about 3 in long, and in the cn'w of 
the femur, tibia, and humerus 4 m or longer The satv blades are then 
separated bj a further ^ in 51ie inside dimension between tho satv ‘•er 
rations must be no Jess than tJie width of tho bed aircadj cut The sub 
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cutaneoiis surface of the tibia is exposed the periosteum elevated, or 
fragmented by multiple incisions,* and the graft cut exactly to the length 
of the bed Por the smaller bones the graft must be cut from the middle 
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Rectangular mlay grafting Wben tho tibiai angulation rias correct<‘d there rras nearly a 
1 in gap betu eon the fragments It is still unnccessarv to Omde tho Hbula and to accept 
shortening The gap is cosily bridged if firatioo is perfect 
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Simple inlay grafting Three preTious operations elseahero had failed because the graft 
was too small and external fixation was inadequate and was discontinued too soon Six 
jnontbs immobiliaation m a plaster spica was necessary (see Fjg 59) 


of this surface of the tibia where the bone is about | m deep If a particu- 
larly strong graft is required for tho femur it is cut nearer to the sub- 
cutaneous border tvhere the corheal bone of the subcutaneous and of the 


■ The chmeal experience of thousands of boar grsftlee operations haa pmxcil that It h <i>ilteufinwp*»ary t > 
transplant periosteum SIS wlU as bone Tils has bicn conflmie t exiKTlmentall} ((, lolIocK aiil M s 
llenderson \ slue of PenosteumlnGiaftlngOiiCTattons /Toe ViJJ/eef Ma>oUliilc 1910 sv 441) 
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external surfaces of the tibia is contmuons A graft I in or more in thickness 
may be secured The graft is at once transferred to the site of fracture 
and sprung into the bed inth tlie aid of bone Jiolding forceps (Fig 94) 

Importance o£ absolute fixation of the graft— The immediate fixation 
afforded bj the graft must be so perfect that at the conclusion of the operation 
it IS possible to move the limb freelj mthout danger of movement of the 
fragments or slipping of tlie graft If 
absolute fixation is achieved, it is most 
exceptional for the operation to fail On 
■ t)ie other hand, if the bed is cut carelessh 

mth an osteotome or chisel, and the graft 
Poor fixation of the graft due to inaccurate is merely dropped into it and scciircd Ultll 
catgut there .b no .mmedrate fi.a 

m us bed tion, slight rotation and shearing strains 

tear the columns of cells hich are attempt 
mg to bridge the gap between host bone and graft, and the result is often a 
failure even tvhen external immobilisation bj splmts or plaster is as complete 
as possible If perfect fixation has not been achieved, either because the 
technique has been inaccurate or because the bone is decalcified and soft, one 
of three supplementary measures should be adopted 

1 ired^uij the graft — The graft ma^ be sprung 
under the margin of the host bone at one end and 
fixed at the other end by a wedge of bone driven 
between it and the host (Fig 103) This measure 
was first devised for augmenting the fixation of 
grafts used m arthrodesis of old tuberculous joints, 
and it js of xalue when the host bone is very de 
calcified so that it fails to grip the graft securely 

2 Combined graft and plate — In addition to 
uilajmg a graft a vitalUum or stainless steel plate 
and screws raaj be fixed on the opposite side of 
the bone (Fig 104) Some surgeons treat everj 
un united fracture combined grafting and 
plating ' The routine ceitainl^ places correct 
emphasis on the necessity for complete fixation of 
the fragments hut it is not the best method of 
securing equally complete fixation of the graft 

3 Fixation of graft iiith utaUium screaks — ^This 
technique is now used almost rouimelj m oiila^’’ 
gnftmg and the same procedure may be used with 
an inlax graft Before finalh removing the graft 
from the tibia four holes are drilled, of a dimension 
equal to the core diameter of the screws to be used, 
the surface of the drill holes being shghtlj enlarged 
\vith a I in drill in order to allow counter sinking of 
the head of the screw When tlie graft is m position 
the deep laier of tJie liost bone is also dnllcfl, end vitallmm screws of tiio 
correct length are druen in (Fig 105) It is essential to nse screws of a 
non toxic non electrohtic allox (see footnote, p 31) 

l n unitpd Fracti re of Both Bones of lo««rm Mfl 1910 tfi. 
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If the fixation of tlio graft w 
madequato it may be supple 
mented by a vitalliuni of 
Btainksa steel plate on the 
opposite side of the bone 
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a technique suffieienth exact, even wide gaps betTieen the frag 
ineiits can be bridged siiccessfuDj' It lias been suggested that in un united 
fractures of the tibia the united fibula should be di\ ided to allou the tibial 
fragments to approximate While it is true that angular deformitj of the 
fibula may need to be corrected before grafting, it should be quite unnecessarj 
to alloM approximation of the tibial fragments There is no necessity to 
increase the shortening e\ en by | m Several of the cases illustrated m this 
chapter shou successful bridging of gaps (Figs 77, 99 etc ) The first 
essential is to secure absolute fixation of the graft to its bed The second 
IS to pack the gap vath bone fragments including fragments of sponge bone 
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Fus&tion of bone graft "Rith Mtalhum screws As a rule four screws are sufiicient, 
two in each fragment In this partimHt case » double fracture necessitated an 8 m 
graft and six screws were used 

from the medullaij legion which carrj with them endosteum, and are the 
most acti\ e source of new cellular growth i The thirtl i& to protect the graft 
bj adequate and continued jiost opciatu e immobilisation 

Importance of prolonged immobilisation — As a rule an un united fracture 
of the shaft of a long bone unites after bone grafting in three or four 
months Xe\ ertlieless the same individual xarntjon which is obvious in 
the rate of healing of recent fractures max occur aftei grafting for non union 
Many operations for nonunion would have succeeded, but failed because 
plaster fixation was gvxen up hastilj The passage of time must not be 
allowed to influence the smgeon It matters not that six months or perhaps 
exen txvelve months have elapsed Exen absorptixe change in the graft at 
the level of fracture does not necessarily mean failure , it is niereh an 
indication that immobilisation is imperfect The one sign of failure is the 

»KiiR jTatta'i Si)ongiosa Hone Tran^plantfor In HI ited Iracturr* SMJourefAuU 193* 1, 5*>8 
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recurrence of sclerosis of the fractured surfaces after coin])lete disanpeimnee 
of the intervening graft 

Importance of complete immobilisation in plaster— Absolute and nn 
intermpted immobilisation is essential The fixation of splints is quite 
inadequate and max e\en allow fiacture of the graft Jludi less severe 
strain than this can he responsible for traumatic InperTinic decalcificntion, 
with absorption of the graft at the level of the fracture, or absoiption of 
the callus between the graft and one of the fragments Complete piaster 
casts are essential If the post operative plaster is padded with wool, a 
new unpadded cast must be applied m two to thiee weeks The following 
outline gives an indication of the iiecessan degree of fixatmn — 

Un united fractuie Plaster cast necessarv 

lower shaft of tibia from toes to groiirfkiiee flexed; 

upper shaft of tibia full hip spica to the toes 

lower sliaft of femur full hip spica 

upper shaft of femur double hip spica 

aliafts of radius and ulna from hand to upper arm 

shaft of humerus shoulder spica 

The full cast must be retained until luuon is complete The practice of 
changing after eight oz ten weeks to a relatirelv inadequate “ protective '* 
cast zs ns dangerous in the grafted un united fracture as in the recent 
fracture This is clenrlj zUustrated in the treatment of un united fractures 
of the lower shaft of the ulna In the davs when the classical after- 
treatment was zinniobihsation for about two months, and then protection 
bj a forearm plaster or leather gnimtlet for a fiirtlicr period failure 
after bone grafting was very common The graft usually fused with the 
distal fragment, but the trauma of rotation movement caused hjpepiemio 
decalcihcation of the more vascular proximal fragment, and of the callus 
between it and the graft I have records of over fifty nn lunted fractures 
of the lower shaft of the ulna and in ever^ co'io a grafting operation has 
been successful in securing union The proportion of successful results 
would however have been ver> much reduced if immobili'sation had not 
been complete and soinetmicb verv prolonged One fracture united onlv 
after ten months’ complete imiiiobiliU Several reqmrcd imniobilisafion 
for five or six months Failure tJireateiied in two cases In both tie 
complete plaster had been changed to a forearm cast at the tenth week 
In one, the hjperzeinic decalcifies tion absorbetl the callus between the giaft 
and the proximal fragment (Figs 106 108) In the other tJie graft itself 
absorbed at the level of the fracture Both ultimately succeeded after 
complete zmmobihsation had been reinstituted and continued for several 
months longer 

Boiled bone, “ os purum ” and “ os novum ” — If the mam fimctioiis 
of a grafting operation for non union are the remov al of sclerosed bone 
and the fixation of an internal splmt, it will he urged that prepared trans- 
plants of boded bone should be equallv effective Un united fractures 
have in fact been successfully cured by grafting operations m the cotir=o 
of which the graft fell to the flooi of the ojieintmg theatre was boiled and 
fixed m position Speciallv prepared and shaped grafts may bo hovght 
from surgical instrmnent makers ready to be sterih'cd anti inserted at 
operation Animal bone or bone from amimtation specimens is freed of 
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fat and connective tissues and all foreign proteins ate extracted The 
tissue avhich is kno\\n as os purum is so prepared that a trabecular 
scafEoldmg remains capable of easy invasion from the hving tissues of the 
host There can be no greater proof than the success of boiled bone 
transplants and transplants of os purum that the mam and es'iential 
features of a grafting operation for non umon are the exposure of a ascular 
tissues and the immobiit« 5 ation of the fragments by a bone conducting 
infernal sphnt But even S\ante Orell ^ who advocates the use of os 
purum, advises as an alternative that a strip of this tissue should be bimed 
under the raised periosteum of the subcutaneous surface of the tibia for 
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Umtcd fracture of radius nithun united fracture of ulna aluch was grafted Complete 
immobility was discontmtied ten weeks after operation and a short forearm plaster 
applied Potation movement caused absorption of callus between the graft and 
the froximal fragment (Fig 107) When complete immobility was rem tituted the 
graft fused and the fracture united (Fig lOS) 

two months and then transplanted with the new spong\ subperiosteal 
bone which has surrounded and imaded the strip of dead bone This 
partly living bone is described as os novum 

Value of a living autogenous graft — There can be httle doubt that an 
autogenous graft living at tlie time of operation is superior to a boiled 
dead graft The problem has provoked scientific investigation for nearh 
a himdred years The work of OHier was followed bj that of Wolff, 
of Barth, Axhausen and Sfacewen, and more recently of Hej Gro\ es ® 
Gallie,^ Fell * Lenche and Policard ® It is imdoubted that the graft never 
participates in the circulation of the host, and that most of it becomes 
sequestrated and dies That li is not revasculari'ed is proved bj its failure 
to take up d 3 .es which have an nilimt> for bone and which when injected 
intravenousU are deposited m all bones accessible from the blood stream 
It IS also proved the failure of the graft to participate m the decalcification 

> Svante Oren. Sur? Gim OM Oct 1931 Kx 033 Jaur £one onlJoint S iry 1937 873 
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of iieiglibounng bones ^ for decalcificttion is an actii e mobilisition of cilcium 
which cnn occur ouh m the presence of a free Hood supply Death of the 
graft IS shown histologically by the absence of celU from the lacimT; 
(Fig 109) The graft nndei^oes continued surface erosion it is invaded 
by vascular loops of granulation tissue m which new bone is laid down 
‘>0 complete is this in\asion that the original graft is ultimately replaced 
in Its entirety by* new bone The evidence that the mam mass of graft js 
nothing more than a bone conducting medium is or erw helming 
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Lom* poirer ae 1 on of lunct on of aa autogenous bone graft (left) mth host 
bone (r The lacuna of the graft are etapt> and the bone s dead but 

there a prolifeiat on of endosteal and sobpencpsteal reUs and mva. on of the 
graft tnth replacement by new spongy bone 

But there is also histological evidence m the early stages of multiplication 
of the surface cells of the endo'^teura and of the cells beneath the fil rous 
laaei of the periosteum We know that the«5e cells can be grown and 
cultured lo. ba\\^.ng drop medio, on a mictoocope &l de \\ hen bathe 1 m 
nutritive fluids tl ey can grow independent^ of a circi lation of blood 
These two layer of an autogenous graft recently cut from hving bone do 
contribute to tie cellular growth necessarv for repair The cut siufaces 
of the hone probabR do not contribute so that the objection to cutting a 
graft wath a motor saw that the heat w Inch is generated may kill tl e bone 
cell IS mvahd These cells die in any eient and grafts cut witli a cli ‘icl 
are no more potent than grafts cut accurately witli a motoi saw 


Mo un on of f a t res 3 cons»(Je»l n Jnrther detail n Chapter XWl together w th 
a re e of 8 )4 fra tu es of the shafts of the femur and t b»a wl hareanal «cd from the 
po nt of new of rate of un on 
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CHAPTER III 


ADHESIONS AND JOINT STIFFNESS 

In the last chapter emphasis has been laid on one fundamental principle 
of fracture treatment a principle which applies to everj tjpe of fracture 
whether complicated or simple whether infected or not infected 
whether recent or un united whether treated by manipulation or by 
operation— 

Eiery fracture mnsl be treated by complete ami 
continuous tmmobthsation until union is so nd 

This complete fixation of the fractured bone involves immobibsation of the 
joints above and below the fracture There is a second principle of 
equal importance which must also be in the mmd of the surgeon from tlie 
beginmng of treatment — 

Everj joint tiktch lo&s not need to be immobthsed 
must be actiiehj exercised from the first day of ujury 

Failure to obey the first law of treatment is a source of delajed recovery 
and may be responsible for non umon Failure to obey the second law 
IS an equallj common source of delajed recoverj and may be responsible 
for complications even more serious because thej often remain permanently 
despite treatment 

Stiff fingers due to excessive splintage — If a fracture of the \vnst is 
iramobibsedinsplints which extend over the finger joints (1 igs 110 111) tJ c 
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Tho bar of the wood Q spl nt and the plaster n the palm prevent fl s on everc ses of 
the fin ers This mmobity s nnoccessary and usually leads to d sastrous results 


fingers become so stiff that weeks and months of treatment are necessarj 
to mobilise them once more They maj never recover ngiditj maj remain 
as a permanent incapacity The gravity of the disaster cannot be over 
emphasised Permanent stiffne&a of the fingers means permanent cnppling 
The whole purpose of the limb is lost wlien the prehensile function of tho 
fingers is lost Of what use n» an upper limb without a hand ^ If the 
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patient is a vrorking man be maj never n'ork again (Fig 112) But there was 

The jomts were not stiff at 
the time of mjvua thei 
became stiff m consequence 
of the treatment The 
treatment itself has caused 
months of dela\ and even 
permanent crippling which 
need never have arisen 
The patient would have 
done better to have stayed 
at home Even witliout 
anj treatment the result 
could not have been u orse 
So disastrous has been the 
result of excessive immohi 
bsation and neglect of 
joint exercises tJiat Lucas 
Championmere and others detemuned to do away with sphnts altogether 
Even delajed union and malumon were not so bad as irrecoverable jomt 
stiffness The bmb was simplv supported m a slmg and massage and joint 
exercises were practised dailj 

Prevenliag stiffness despite complete fixation of fracture — Actually tliere 
IS no difficulty in combimng the two principles of immobilisation, of the 
fracture and mobilisation of the joints The wrist fracture is completeh 
immobilised in a closely fitting plaster extending from the back of the 
metacarpal heads to just below the elbow with a single width of slrai^ping 
or baudage m the palm so that there is no restriction of flexion movement 
of the fingers From the first daj full bending and straightening 
movement of everj finger joint is practised The discomfort which may at 
first be experienced soon passes off and the exercises are continued for not 
less than five minutes ever> hour of the day (Figs 113 114) In addition to 
this the elbow must be fully flexed and fully extended and the hmb must 
be raised to the side of the head and rotated ftdlj m each direction so tliat 
no stiSness can develop m the shoulder If the plaster immohihsition 
IS sufficientlj complete the patient is encouraged to use the limb for 
dressing for eating and fOThght household duties (Figs 116 117) It may 
even be possible after some weeks for men to go back to work MTien the 
plaster is finally removed every jomt of the hmb has normal mobihtj 
except the wrist itself Moreover the muscles are well developed wasting 
has been minimised and disuse decalcifieation of bones has been jirei ented 
Perhaps the most important pomt is that the hmb has never been <lis 
connected from the brain the patient has not forgotten how to use it 
he is not terrified at the prospect of usmg it He has been so busy 
practising exercises that he has had no time to sit back miserably to lament 
his fate and to develop functional compUcations 

The surgeon must first see thUt no splmt plaster strapping or bandage 
mterferes with finger movement He must not use an\ jiosJtion of 
immobilisation which makes finger exercise impossible For example the 
position of Tight angled flexion of tlm wrist used m the Cotton Loder 



Fio 11 

Simple •nrist fracture tuelve months after treatment as m 
Fg 111 The pat cut IS trymg to make a fist The hand is 
80 crippled that the man mil ncrer vork again 
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treatment of wrist fractures m^es it impossible to flex the fingers TJie 
position IS both linnecessarj and dangerous (Fig 118 ) The surgeons duta 
13 still not done Not onlj must there be no obstacle to movement the 



1 manj ca ea household aetmt e» and 1 "ht work can be continued throughout the penod 
of immoh hty of the fracture 


patient must actually practise the movements which are now po&siblo and 
he will not do tins on liis ov>i\ mitiative His instinct is to secure a shng to 
prescrre absolute immobihty and to guard against the shghtcst niov ement 
of anv joint ^Ahen he has been told to exercise he still doubts or he is 
afraid or ho is umnlling to accept the imtial discomforts of finger exercise 
Ever} dav of postponement increases the difficultv The patient must 1)o 
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seeu at least once a daj and encouraged cajoled stuaulated and niien 
necessary bullied into actmtj. Eveij joint must be fuU^ flered the inter 

phalangeal joints by flexing the 
fingers fightl> into the palm and 
the roetacarpo phalangeal joints 
by Teaching \71th the finger tips 
to the front of the imst The 
index finger must not be alloived 
to escape attention (Fig JJ 9 ) 
Flexion of tins digit may 
sonieirhat difficult onmg to the 
position of the thumb and stiffness 
confined to this finger is \-en 
commonlj seen The patient must 
be taught to keep the thumb out 
of the while he bends the 

fingers fuUi 

W hen the fracture does not 
mrolrc the MTist but is nt a 
lugher lea el so that immobiUsation of the elbow and shoulder joints is 
necessai^ finger exercises are even more imperative When the [faster i» 
discaided the patient n hose hand 
18 normal has an incentive to 



Tig IIB 


If th« tmst IS flexed to the nght angle t is 
impossible to bend tbe fingers £ren though the 
fingers are not Mtuallv aphnted ser ous st One s 
TiU levclop 


use the hmb and tiie stiffness of 
the proximal joints graduaUi 
recoaers If the hand is stiff 
and useless the patieut has no 
incentive He regards the limb 
as totalU cnppled It never 
occurs to him to use it It is 
then a most difficult problem to 
persuade him to undertake the 
exercise necessary for recoverj 
Finger exercises prevent stiff- 
ness even oi immobilised joints 
— Tlus IS not the whole stoij 
finger exerci&e is not mereir an 
end in itself It does much 



Fig n<j 


The postton of the thumb 1* obstructing fhxion 
morement of the index finger This la a coniinon 
cause of St ffness of this finger 


more than prevent stiffness of the finger^ it actually prevents stiffness 
of the ^v^lst joint which has been rendered immobile throughout * If two 
wnst joints with identical mjiin are immobilised for tbe same period one in 
splints uhich extend over the fingers and cau&e functional disuse and one in 
a dorsal plaster which leaves the fingers free anti permits functional activita 
although both wnsts are eqnallj immobilised the first becomes verj mucli 
stiff er than tbe second In other notds it vs not immobibtv alone nhicli 


causes jomt stiffness it is immobiUt> aid functional disuse A fracture 
of the scaphoid bone with delayed xmion mav require immobilisation for 
SIX months or even longer It might be assumed that this uould caU'O 
vei^ serious stiffness of the wnst joint Tins would be the casie if there 
was complete functional disu‘»e as uell as immobiliti But where function 
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IS maintained by finger exercises involving contraction and relaxation of 
tbe forearm muscles even although the wnst itself is not moi ed the stiffness 
IS minimised Immediately the plaster is removed the range of movement 
IS more than half of normal (Figs 1 ^0 121 ) and after only tv o or three v eehs 
of exercise it is normal 



Fics 1 0 l*»l 


aio ement of the mat tmiued at«l> it js remove I from plaster after b i mouths 
immob I sat on for tlelajed un<m of a fractured scapbo d Tho fund onal adivati 
of finoer everc e has pre ented el ffness of the vnst 

Increase m joint movement while immobihsed — ^The possible range of 
movement of a joint maj even increase while it is immobibsed in plaster 
A fractured wrist tal en out of plaster at the third weel is tert stiff If it 
had been left in plaster for two or three weeks longer it would hate been 
less stiff and if immobihsation is needed for seteral months it continues 
to gam movement provided onlj that functional nctititt is maintained 
b> finger exercise Old umted fractures of the ankle with set ere stiffness 
of the joint are often best treated bt immobilisation in a wallung plaster 
If functional activitt is continued the range of movement of the joint 
gradually increases and it maj almost recoter to nonnal dunng the two 
or three months that it is immobihsed 
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CAUSES OP ADHESIONS AND JOINT STIFFNESS 

What IS tJie nature of this joint stiffness which is the result not of 
immobility but of functional inactivity ? ^ It is due to the adhesion of 
capsular plications, and the glue of wluch the adhesions are made is the 
fibnn of sero fibrinous exudates Any persistent or recurrent sero fibrmous 
exudation may be responsible Immobility of a joint cannot in itself cause 
sero fibrinous exudation, but muscular inactivity is responsible for venous 
and lymphatic stasis the circulation is sluggish and the tissues become 
waterlogged Here is tlie source of sero fihnnous fluid wluch produces 
capsular and intermuscular adhesions There maj be other sources, and tlie 
causes ofjoint adhesions after injiiiy may bo enumerated a«follous — 

1 Functional maetivit\ and di&iise — eirculiton and Iimphatic stasis 

and uaterlogging of the tissues uith sero fibrinous fluid 

2 Joint mjury — traumatic sero fibrinous exudation from torn capsule 

or from a neiglibounng fracture , a source of recurrent exudation 
if the injured jomt is frequently or forciblj moved m the early 
stages 

3 Recurrent oedema — reactionary traumatic cedema in the earlj stages, 

and recurrent gravitational oedema especially m the lower limbs 
in the later stages 

4 Infection near the joint — inflammatory sero fibrinous exudation 

spreading from a neighbounng focus of infection 

5 Poreign. bodies, especially skeletal traction pins close to joints — 

reactionary and low grade inflammatorj sero fibrmous exudation 
spreading from the pm track 

6 Repeated passive stretciung and forcible manipulation of a stiffened 

jomt— traumatic sero fibrinous exudation from the stretched and 
torn adhesions 

Functional inactivity and disuse — Figs 120 and 121 show a joint which 
though unmobibsed for six months had been functionall 3 active throughout 
this tune and little or no stiffness Jiad developed Pigs 122 124 show the 
converse This jomt had never been completely immobilised but there was 
serious functional mactivitj and exen eighteen months later the joint was 
still almost completely stiff The mjiirj xvas a simple fracture of the 
malleolus associated with the usual swelhng and ecchyiuosis Tlie joint 
w as strapped the patient lay in bed for three w eeks and then tned to walk 
Meanwhile the foot had dropped The heel could not be put to the groimd 
The patient could put no weight on the hmb Weeks went by , functional 
activity was still impossible A year later the victim could walk round the 
kitchen with crutches but no more Tlie foot and ankle were almost 
completely stiff The practitioner labelled jt ‘ nrthntis ” The Insiinnco 
Company labelled it “ mahngenng ’ Under aniestbesia the adlie'^ions were 
stretched so that the foot could be raised to the right angle and a plaster 
was apphed m tlus position With the painful joints protected and the 
heel and sole flat on the ground, walking became possible for the first fmie 
Within two weeks the patient walked fixe miles a daj Within two months 
the plaster was removed and foot and ankle movement had recovered to 

•WitonJoDfa " Adhes QM <tf /lOlBta 8ml Injuir 3ted Jour Ifar 1930 
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more than half of normal. In four months recovery 'was complete. Adliesions 
round joints which had never been immobili^l iiad been cured by piaster 
immobilisation ■with functional activity. 



Fio$ 122, 122, 124 

Eighteen months after simple malleolar fraetuio of the ankle. Although 
the jomt was ne>CT immobliseil, functumal inactivity has caused adhesion 
formation The joint is m so much cqtnnus that the patient cannot rralk 
The ankle mil gam inoiement while it is immobihscd m a walking plaster 

Joint iniuty — A simple joint injury, not compheated by functional disuse 
or by other sources of repeated exudation, does not cause serious or lasting 
stiffness. Even traumatic dislocation of the knee or shoulder joints in wliich 
there is extensive capsular injury, causes no more tiian temporary stiffness. 
But if the injured joint is treated by early movements and the torn tissues 
are not protected, there is repealed exudation , and it is the soaking of 
tissues lutii fibrinous serum da 3 ' after day whidi causes dense adhesions. The 
practice of treating dislocations and fractures of the shoulder hj' immediate 
movements, repeated daily, defeats its own object. Instead of preventing 
stiffness it aggravates stiffness The correct treatment is to immobihso 
the torn tissues until thej’ are healed, to continue exercises of the 
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distal joints and to begin mo\ements of the injiued joint after two or 
three w eelvs 


Reactionary traumatic oedema — ^Fractures of the lower forearm ire 
sometimes -issociated nzth severe snelliog of tlie fingers Tiie fingers them 
sehes are uninjured hut the cedema spreads from the site of injitrv 
especially if the forearm and hand are encased m plaster The natural 
instinct of the alanned patient os to maintain absolute immobihty of the 
fingers Often the practitioner shares the patient’s fear, accepts the 
swelling as an mdex of the seventy of the injury, and prescribes rest until 
It has subsided Exactly tlie opposite treatment is urgently indicated 
(Edema is glue Adhesions are forming hourly and the more swollen the 
fingers the inoie imperative is active exercise Exercise will not only 
prevent the adhesions from consolidating but wall accelerate the venous 
return and help the oedema to subside The fracture must he reduced and 
immobihsed at once so that exercise can be practised painlessly The 
patient should be recumbent for a day or two witli the hmb elevated between 
pillow s in order to reverse tlie effect of gravity It is in this ty'pe of ca^e 


that the most severe and mtinctahle 

~ r ^7 ^ 7 ^ jl"’ stiffness of the fingers may develop and 

y Ip y prompt action is essential 

f 1 *1 Gravitabona) ceflema — ^^hen a leg or 

m \ I • I anhle fracture Ins been immobilised m 

■ \ / I plaster removal of the rigid external 

■ t j I support is followed by cedema of the 

M p I #1 leg which increases during the daa and 

I I I { I subsides during the night (Eig 12o) 
■ / I This continues until the musculature and 

mi I circulation of the limb are again toned 

Ml I up by active exercise If the recurrent 

Ml /I (Edeni'i IS not controlled by ehstio 

M I < / I support the tissues of the anlJe art 

■ f ^ / 1 daily soaked m fibrinous “ieniin and 

Ml { 1 the joint which is alread\ somewlmt 

Mil I 1 may become steadily stiffei Tins 

M L (I t source of adlveaion fotuiataou can, he 

* b \ V 1 prevented by applyang an elastic dre'^s 

W J; * mg os soon as the plaster is removed 

and keeping it m position foi a few weel « 

• — ^ ^ ' ■' until the tendency to cedema subsides 

Rigtd ciaitecl (oes — IViien a leg or 
Sr S anUe facture ,.ln*r 

causiDgsenoasstiBnessoTfbBaoUc Thi? and toe exercises aro neglected the 
could have been prevented by ejastjc djsuse, immobiht\ and recurrent adcnia 

.„pport,pptetod«l,J.te„»u,r.l 

IS particularly serious if the toes ha\e 
been immobilised m the clawed position The corns which develop on the 
dorsal surfaces are the least imiiortant di<*abihty The sigmficant point 
IS that rigidly by perextended toes are functionally useless, for they cannot 
be flexed to the ground (Fig J2G) Normally, with every step fonvani, 
weight IS transmitted to the toes, and as they flex at the metatarso 
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phalangeal joints eight beanng beneath the metatarsal lieads is reduced 


Rigid clawing of the toes interferes 
walks on the metatarsal heads 
themseh es There is ciipphng pain 
and a sensation as of ‘ walking on 
small stones ’ This source of dis 
ability though never described is 
extremely common and ma> keep 
men ofi their work months after 
the fracture itself has recovered 
It IS to be avoided by moulding 
the plaster to the transverse arch 
with the central metatarsal heads 
elevated and all the toes flexed 
and bj insisting on regular toe 
exercises especiallj flexion, of the 
metatarso phalangeal joints Swell 
ing of the toes must be con 
trolled bj periodic elo\ation of the 
hmb 


with this mechamsni, and the patient 



Fio I’C 

United fracture of tibia nith ngil elaned toes 
due to di.$use and recurrent ODdenui W alking 
ou the unprotected metatarsal heads causes 
severe pain end prolonged disability 


Infection near the joint — A common example of dense adhesion formation 
round normal joints which though uninjured and not infected arc near a 
source of infection is seen in the septic hand The infection causes a 
spreading sero fibrinous exudation and there is mdema of the whole hand 
Very often the infected finger itself is the least serious element of tlie ultimate 
disability there is board like ngidity of every joint and recovert is then 
exceptional Active exercises of every normal fmger from the very onset 
of injury or infection is impeiative Tlie hand must not be totalU en\ eloped 
in bandage only the infected finger must be immobilised The swelling 

and cedema must be controlled 



Fio 127 

ifetallic foreign bodies produce an irntatire aeroi- 
fibnnous exudation and if close to the synovial re 
fleet ions of a joint adhesions and Lnnted moveaient 


by elevation of the hmb and if 
there is the least probabihty that 
the finger is irreparably damaged 
it should be amputated at once in 
order to saae the rest of the hand 
Foreign bodies near the joint 
— ^Metallic foreign bodies nini 
give rise to irritative changes 
in adjacent tissues with a low 
grade toxic reaction If a metal 
screw, plate or wire has been 
mtroduced mto a bone so close 
to the symovial tissues that tlio 
reactionary exudate inxolves the 
synovia and capsule intractable 
stiffness arises from the ndliesion 
formation Traetiircs of the 


olecranon may be excellently treated from all other points of view 
except that wire has been used for fixation, and extension of the elbow 
remains permanently limited Tig 127 shows a fracture of the external 
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condyle of the humerus perfectly reduced bj operation but two screws 
had been introduced close to the joint When this case was first seen six 
months after operation there was stiU onij 20° of movement below the 
right angle Observation over an interval showed that the recovery of 
movement had ceased Tlie screws were removed and witlmi a few weeks 
movement began to recover once more Jletallic foreign materials should 
not be used in fractures of the olecranon condyles of the humerus 
tuberosities of the tibia or patella Adequate fixation can be secured m 
all of these injuries with catgut screws nails or wire are superfluous as 
well as harmful 

Skeletal traction pins — Skeletal traction pins wires and calhpers are 
foreign bodies still more x>otent m promotmg adhesion formation because 
they penetrate the skin and after some weeks low grade infection of the pm 
track occurs Experienced surgeons may be uninfluenced by the ca'^e 
shown in Fig 128 and will maintain that infection of an os calcis pm of such 
seventy as to necessitate guillotine amputation of the leg should not occur 
This IS true But sbght low grade mfeetion cannot be avoided ' There may 
only be a few granulations a trace of serous discharge or perhaps slight 
general thickenmg of the tissues (Fig 129) If the pm track is close to the 
synovial and capsular reflections of a joint this degree of mfiammatorv change 
will be quite enough to bind down these tissues with strong dense adhesions 

Supracondylar aJ detal traction — In the supracondylar region of the knee 
jomt a traction pm usually causes adhesions which are far more dense and 



resistant tiian the simple adhesions of immobility and disuse Movement 
beyond the right angle may never recover (Fig 130) Certainly tins does 
not apply to every case it depends on the degree of reactionarj exudation 
The biggei the wound at the site of insertion of tlie pm the greater 
the danger The greater the movement of the pin m its track tlie greater the 
danger Ice tong calhpers are the worst pins to w Inch tlie calliper is attached 


Kennedi Trcatm^'nt of Trattate* of Sbalt of Tem r (mdud og forty two cusm of »Iff fal 
ttUh t«entr-one lofect om>. Jxa o/s rs 1983 ryta.4» 
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and wluch tlierefore rotate in tbeir track are tbe next worst liirschner 
wires are perhaps the least harmful But no form of supracondylar skeletal 
traction is entirely safe The method lias gained a wholly undeserved 
populanty and has been responsible for many stiffened knee joints which 
could have retained normal movement 




tiu 130 


DiSuse synovial tlucVenmg of tbe left Icne® 
from low grade mfeetion of supracondylar pm 
track Tlie slightest infection m tbe supift 
condylar region causes intractable stiffness 


Fracture of shaft of femur treated by supra 
condylar traction three years a/tor injury 
There is still only 90® of flexion due to 
adhesions from low grade pin track mfcetioa 


Ttbujl tubercle iraciton — The tibial tubercle is a relatively safe region, 
for even if slight infection does occur, it is too remote from the periarticular 
tissues to cause joint adhesions The objection that tibial traction stretches 
tho knee joint ligaments whereas supracondylar traction does not, applies 
onlywhen traction is e\cesstve It no excesaite tract/on is used the slight 
laxity of ligaments which develops after tibial traction is no greater than 
that which accompanies onj form of immobihsation of the knee joint even 
immobilisation m a plaster spica uithout traction It recovers fully uhen 
the tone of the thigh muscles is regained 

Os calcis iracixon is again unsafe, for the reactionary exudation may bind 
down the sjuiovial reflections of the subastragaloid joint and causo permanent 
limitation of inversion and eversion movement Os calcis traction, is 
harmless if the pm is removed as soon os the fracture is reduced and the 
plaster applied Even continuous os calcis traction may be harmless in 
fractures of the os calcis where the suhastragaloid joint mil become stiff 
in any event If continuous traction is required for a fracture of the leg 
bones, the pm should be inserted through the Ion er shaft of the tibia about 
2 m above the ankle joint 

Olecranon traction — This is one of the most unsafe regions Tho elbow 
joint IS particularly susceptible to adhesion formation, and even slight 
reactionary exudation close to the capsule of the elbow is hkelj to produce 
intractable stiffness Fortunately the method is seldom required 

Meiacarjxil head Uaction — pm should never 1 e left m the metacarpals 
for continuous traction The method is entirely unnece^w^aTj aud tlicrc is 
far too great a danger of stiffness of the inetacart>o phalangeal joint® 

Skeletal traction is not to be condemned out of hand There are 
occasions when this technique is mvaluable But pms must be inserted only 
with a proper respect for the harm uhich ma> result The treatment must 
be resen ed for the cases u inch really need it The modern tendency to dnvo 



60 


THE PRINCIPLES OF rRACTURE TREATMENT 

m pms on the slightest provocation is quite unjustifiable To treat a 
supracondylar fiacture of the humerus or a Pott Diipuytren fracture of the 
ankle bj skeletal traction simply admits a lack of manual deitentj To 
treat a simple fracture of the femur hy inserting four pins tuo at the top 
and two at the bottom is cair^ mg mechamca 2 nto surgery loan unn arranted 
degree To treat a perfectly straightforn ard fracture of the Inimems hi 
pms at the upper end and at the lower end in order to mohihse the shoulder 
and elbow from the begmmng bctrajs an miperfect appreciation of the 
laws of 'id!iesion formation 

massage and passive stretching — 3Iassage and morenients coninionl\ 
prescribed 'is a treatment for stiff joints is in fact one of tlie commonest 
causes of stiff joints Wlien the idhesions already formed round a joint 
are Aiolentlj stretched or tom there is reactionarj exudation wbicli 
jiroduces fiesh ndheaions If tins treatment is repeated day after day the 
traumatic exudation recurs and although every daj some adhesions are 
stretclied manj more develop Such treatment delajs the recoreiy of 
movement in every joint and in the more susceptible joints of the upper 
hmb the finger elbow and shoulder joints measurements show that move 
ment steadily decreases so long as the treatment contmues Enthusnstic 
masseuses are almost incapable of resisting the temptation to force stiff 
elbow joints Thej should not be tempted An elboiv joint stiff after 
injury sliould not be sent to a massage department it must be treated 
onlj by the patients own active exercises Stiff finger jomts are equallj 
susceptible The one w aj to convert slight temporary stiffness of a finger 
into permanent irrecoverable stiffness is to stretch the jomt One often 
hears of masseuses who sootlie the patient s anguish by congratulating hmi 
even time the joint cracks Such treatment is entirely mdefensible 

"Manj other forms of passive stretclung are practised Patients with 
stiff elbows aie encouraged to carr\ buckets of water or to hang from 
overhead beams Increased stiffness is inevitable (Pigs 131 13J) A 
surgeon can in fact decide whether an elbow is being passivelj stretched 
merely by recording its inoiement An angle measurer is used and the range 
IS recorded ererj other weel (Fig 134) Jlovement recovers 5° or 10“ 
each fortnight If movement is not recovering the possibihtj of passive 
stretchmg must be suspected If movement is less than it was a foitmght 
previouslj the surgeon inofcs that the joint has been stretched 

Manipulation under atisesthesia — It is too generally assumed that if theio 
are adhesions round a joint a mampxUation will cure them Jlanipuhtion 
IS a two edged sword The procedure will undoubtedlj break down 
adliesions but that verj process gives rise to a new exudation from the tom 
fibres winch may produce fresh adliesions The new adhesions cannot he 
prevented by vigorous and forcible after treatment for as we Jnvo seen 
this produces still furtlier adliesions Indeed the balance between adhesions 
cured and adhesions produced may he a verj dehcate one 

Adhesions must ne^er be stretched under anesthesia while the^ are 
still young and vascular nor while the limb is still subject to recurrent 
cedema ’\Iampulation must be deferred until moiement is no longer 
recovering by the patients own active exercise Tins stage must not be 
determined b\ mere guesswork Jomts often recoier their moicment 
so slowlj that the patient himself can judge no difference from week to 
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week The surgeon certainlv cannot recall the e\act range Accurate 
measurements are essential If week after week the range js identical, a 
manipulation may be considered If this criterion is insisted upon, it will 
be found that the mdication seldom arises 
When it is decided to mampulate, the 
procedure must he carried out with full 
muscular relaxation and with the utmost 
caution and gentleness If the jomt is 
mampulated and there is no audible snap 
of localised adhesions hut a gradual givang 
waj of a solid mass of diffuse adhesion 
the mampulation will do no good and wiU 
probably aggravate the stiffness If on 
the other hand the adhesions are heard 
to snap and are obviously localised, tlie 
prognosis is better provided that too 
much 13 not done at one time It is far 
better to perform two or three gentle 
inampulations at intervals of not less 
The range of mowment most be accor than SIX weeks than to perform One 

ately record? 1 If jt ts decrewmc the , , t i i 

ettfgoon knows that passive stretching is severe manipulation wiucli must be lol 
being employed lowed by a severc reaction After the 

mampulation treatment must be entirely 
bj the patient s own active exercise All the benefit will be beutraUsed 
if it IS followed by repeated passive and forcible stretching Finally, if 
measurements prove that a mampulation has reduced the moaement of 
a joint the mampulation must not be repeated 



STIFFNESS OF JOINTS AND SUDECK'S ACUTE BONE ATROPHY 


Adhesion formation near joints is tlio result of rejieated soaking with 
sero fibrinous exudation and the exudate maj he caused bj disuse w itli 
immobility and cedema repeated injury and passive stretching or 
infection and foreign hod^ irritation Serious joint stiffening is therefore 
aaoidablc Some jomts however stiffen more readily than others, the 
joints of adults stiffen more than the joints of children and there is con 
siderable difference m the susceptibility of different individuals One patient 
nitJi a fractured UTist lias no difficulty m retaining full finger movement 
whereas the next patient has the utmost difficulty The skm becomes 
shun and trophic and unless very frequent active exercises are jiractiscd 
serious stiffness rapidlv develops In its most severe form this condition is 
described as Sudecys post traumatic acute bone atrophy It usualh 
occurs 111 the fingers anil hand and sometimes in the foot It may complicate 
trivial as well as severe joint mjnnes There is pam complete loss of function 
h»elliiig verv markeil dccaleification of the bones atropiiy of the sub 
cutaneous tissues and trojihic changes in the skm (Fig 13 j) It lias been 
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APHE&IONS AlO) JOINT STIFFNESS 

suggested that the disorder may be neurogenic, possibly due to sjmpiithetic 
disturbance, and ganghonectomy has been performed 

It must be recogmsed, however, that thw S3Tidrome differs onl^ in degree 
from the ordinary disuse changes which follow everj wrist injury when 
finger exercises are neglected Once 
adhesions have begun to form, movement 
IS always painful, functional aetnitj is 
still further discouraged, and atrophy of 
the skin, subcutaneous tissues and bones 
IS tlie usual sequel The patient avho mthin 
a few days of injm j has sw ollen stiff fingers, 

IS disinclined to practise exercises w ho 
complains of pain and has a tendencj to a 
shma skin must be watched with particulai 
care Active exercises must bo urged with 
all tho pow ers of persuasion at the surgeon’s 
command Tlie possibility of an unduly 
tight plaster must be excluded TIic 
limb 18 elevated to reheve oedema The 
case must be seen day by day Exercise* 
are supervised hourly The temptation to stretcli and force the joints 
must be rigidly avoided If these steps are taken promptly, the calamity is 
aaerted Only if these steps are not taken does Sudeck’s atrophy occur, 
and I doubt very much w hethcr the condition exists except as the result of 
neglected disuse changes 

IMPORTANCE OF QUADRICEPS EXERCISE IN KNEE INJURIES 

Sluscle exercise during the period of imraohdisafeion is important not 
only to maintam the circulation and to prevent venous stasis and adhesion 
formation, but also to preserve muscle control of the jomt This is of 
particular importance m the weight bearing joints of the lower limb 

Traumatic synovitis of knee — The quadriceps muscle wastes very rapidly 
after laiee mjunes When weight bearuig is once more resumed, the joint 
IS imperfectly guarded from the ordinary twists and strains of walkmg on 
rough irregular surfaces The muscle is slow and ineffective , the synovial 
membrane is therefore nipped and ligaments are strained Effusion recurs 
and the patient may be sent back to bed Tlie muscles waste still more 
A ncious circle is estabbshed Swelhng of tlie knee causes wasting of the 
muscles wasting of the muscles causes swelling of the knee I liave know n 
a patient spend two years in and out of bed for no reason except that the 
thigh muscles were w asted after a simple knee strain These cases are often 
cured by bonesetters Having replaced a non-existent “ little bone,” they 
confiscate walkmg sticks, crutches, and bath chairs and assiduously’’ 
redevelop the thigh musculature 

Strain of arthritic knee — ^In other cases an elderly patient with creaking 
joints twists one knee The muscle wastes The joint is unguarded From 
then onwards there is pain, swelling, weakness and ‘‘giving way” The 
knee joint has been arthritic for years, but never before has it accounted 

Cr.,. cv»T^♦r.ma Wno I r.or. 1,„* 
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Su<lcclc 8 acute atrophj Almost 
corapftte etifTncss of fingurs and trophic 
change after wrj*fc sprom Although 
the dngers trere not actually jmtnobi 
bfecd the exercises necessary to prevent 
the complication were ne\cr urged, and 
were not m fact practised 
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Tlie onlj treatment necessarj is quadnceps exercise to restore the irasted 
muscle, and within a few months the knee is again free from sjnnptoms 
Rupture of hiee hgamtnfs — The lateral or cruciate ligaments iiia\ he 
ruptured and if the qindriceps is allowed to w aste there is neither ligamentous 
nor muscle guard of the joint The incapacity is most serious A knee 
cage gives entirelj inadequate control and it encourages still further 
•nasting But if the thigh muscles are perfectly developed even extensive 
ligamentous rupture is of little significance Figs 136 13S show a case of 
complete dislocation of the knee with rupture of the cruciate ligaments 
From the first day regular quadnceps contraction was practised for five 
minutes hourly Although the joint was completely immobilised in plaster 
for three months the muscle never wasted Adliesion formation was 
minianl and movement rapidly recovered Despite some laxity of the joint 



Pan^p of mo\ement aad muscular dc 
\ clrtj mont of tho knee as the concluvioa 
of thnv montha planter nsmotilisation 
for complete backward dulocation with 
r ipt irc of cruciate and lateral hga 
ments 


Tie rjuatneepa was never altowcl to 
waMe Eserciae was practice I hourly 
ciery dav of the three JBOUths Two 
months after removal from plaster t1 a 
knee IS functioualU riormal [lc<p to 
! gimentous instal ihtj 


the patient now regards the knee as normal and plav s strenuous professional 
football 

The importance of quadnceps exercise cannot he overemphasised 
Mlictlicr the injurv is to the leg bones, the kneo joint the femur, tlio hip 
or the pelvis wasting must be preventetl by regular evercise No back 
splint must be applied to the knee without at the '«ine tune giving 
instruction in quadnceps drill If the muscle is already viastcd elastic 
knee caps bantlagcs and knee cages must not be jirescribed The liest 
knee cage m the world is but a feeble mutation of the normal thigh muscles. 
But the muscles can never be redeveloped by electrical treatment throe 
or four times a \\eok This is quite valueless The patient must be taught 
to contract the muscle himself Even this is not enough, for he imagines 
that a few minutes exercise cacli dav »s sufficient He must be specifically 
instructed to exercise every houroftbeday for five minutes An entliusiastio 
patient who is willing to co operate con develop a normal muscle in five 
or SIX w ceks 
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MYOSITIS OSSIFICANS AND TRAUMATIC SUBPERIOSTEAL 
OSSIFICATION 

We have seen that passu e stretching of )oints al^sajs defeats its o\\n 
object and that instead of increasing the range of movement it actualh 
aggravates the stiffness This is not the only disastrous sequel It is 
often responsible for the formation of masses of new bone round tlie joint 
This comphcation has become known as myositis ossificans traumatica 
an unfortunate title because there is no rovositis and no ossification m 
muscles The condition is quite different from the congenital nbnormalitj 
myositis ossificans progressiva m which bone la actually laid down in 
the muscle bellies 

TYPES OF PATHOLOGICAL OSSIFICATION 

ossificans progressiia — This disorder is of congenital origin and 
there is a constant association with congenital shortening of the great toe 
(Tigs 13*1 141) There are recurrent inflammatory attacks m fibrous 



Pig 139 Fig 1-10 Fio HI 

Alyos tis ossificans progress s a In tb s congenital disorder unlike traumatic oss fica 
t on the bone is found ivithm muscles and its format on s beyond the control of the 
suigeon 

tissue planes leading to ossification m tendons and in the fibrous inter 
sections of muscles ^ ’ All the skeletal muscles are ultimately involved 
the spine becomes quite ngid and everj affected joint is ank>losed The 
disease progresses steadilj and it is not amenable to anj known treatment 
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Heterolopic ossijicalion — A second tjpe of pathologicil bone formation 
must also be distinguished from traumatic ossification It occurs in a 
locabsed form in tissues remote from the skeleton and from periosteum 
The same connectire tissues in uhich pathological calcification is observed 
are the most common sites of beterotopic ossification It has been reported 
in the semilunar cartilages of the knee joint (Fig 142) in abdominal scars 
and m the tendo AchiUis ^ As urith myositis ossificans progressiva the bone 
formation does not arise as the direct result of injurj and it i& beyond the 
control of the su^eon 




Fio 14> 

Keterotopic oss Scat on of the ecmituiutr cartibgo of the kneo )omt (from tfao author a art d 
Calc)£cat on DecalciEeat on and Oaa fication Br t Jour Surg 1031 xx 4 ) ) 

Myosilts ossificans iraumatica (traumatic subperio‘«teal ossification) — 
The traumatic condition on the other hand is entirely mthm the control 
of the surgeon It is an avoidable complication and its progress can alwavs 
be arrested * Tlie old theor\ that osteoblasts escaped from the bone and 
vandered into muscles Hjmg down bone m tlieir course is erroneous The 
neu bone formation occurs onlj within the binits of displaced perio'steum 
and it IS nothing more than the ossification of a subperiosteal hainiatonin ® 
If displacement of the periosteum is presented and extensive hccmatoniata 
are not allowed to occur the complication is never seen The true pathologa 
of the combtion is most easil\ recognised at the knee joint 

TRAUMATIC SUBPERIOSTEAL OSSmCATION 
Quadriceps avulsion with ossification — If a joung or middle aged jnticnt 
stumbles so that Ins knee joint is forcibly flexed ba bod\ weight and at 
the same time he attempts to sa\c himself b\ stronglj contracting the 
quadriceps the opposing strains cause a fracture of the patella Uhen a 
more elderlj patient sufTers a similar strain the moertion of the qundncejis 

(<lclS j(lo» dlfcmanl O ttnt Jtmr <‘urf 1911 xil ISl 
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AvuUion of quadneeps treated 
byjniJDediato operaireeautnre 
The periosteum has 1>een re 
placed and the binaatoma 
obliterated T1 ere i» no »b 
normal o«iSostioR 


Avuhiton of quadriceps treated 
by early moTcment and passire 
stretching Penoatcumhasbeen 
ruptured and hiezoatoQia d/s 
semioated There is scattered 
bone not fused to the patella 


IS complete (Fig 146) If the mjun is treated Atithout opcratixe suture 
bj simple immobilisation of the knee on a back splint, the qundnceps 
remiins retracted an inch or more from the nued bone TJie intenal is 
filled ^ith blood clot bounded bj displaced periosteum This subpenostca) 
8 a 
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hsematoma undergoes gradxial absorption, but at the same time new bone 
IS bemg formed withm it The two processes go on simultaneously 
Provided that immobditj is continued, the volume 
of the final mass of bone is considerably smaller 
than the ongtiul haimatoma, and moreover it be- 
comes firmly attached to the patella (Figs 143 145) 
FinaUj , if the mjury is treated neither by' operative 
suture nor by immobilisation on a back splint, 
but the ]omt is regularly exercised and forcibly' 
flexed, the detached periosteum is ruptured and the 
subperiosteal hamatoma is disseramated Absorp 
tion is mterfered with and there may even be fresh 
hasmorrhage , the new bone formed m the h'Biuatoma 
is scattered irregularly above the patella (Pig 147) 
This IS the type of bone formation wluch is described 
as ‘myositis ossificans of the quadriceps ” Clearly, 
houever.the ossification is still withm the periosteum, 
and the question as to whether there will be no bone 
formation at all, a localised mass attached to the 
patella, or an extensive formation of scattered bone 
depends entirely on the treatment 

The same pathology explains traumatic bone 
formation on the surface of the shaft of the femur, 
when the ongm of the quadneeps muscle is avulsed 
and bone is formed withm the new hmits of the 
periosteum (Fig 148) It esplams the bone forma 
tion which may follow injury to the ankle, knee, 
shoulder and elbow joints, and mdeed to any joint 
where periosteum may be detached by the avulsion of muscles and tendons, 
or by the tearing away of ligaments and 
joint capsule 

Traumatic ossification at the ankle joint 
— As the result of forcible plantar flexion 
strams, the anterior capsule of the ankle 
joint may be torn from the neck of the 
astragalus If the foot is imniobiIi},ed in 
dorsiflexion the capsule is reattached ivith 
imnimal new bone formation If tbe foot 
IS plantar flexed the penosteum is held 
away from the astragalus and a bone spui 
develops which may limit dorsiflexion 
movement (Fig 149) If the ankle is 
exercised and pas'sivelv stretebed, a con 
siderable mass of irregular new bone is 
formed in front of the joint 

Traumatic ossification at the knee joint 
— When the internal lateral ligament of the 
knee torn in the middle of its fibres, the 
haimatoma docs not communicate with an\ 
bone and repair takes place without ossifica 


Fig 148 

Traumatio osteoma froci ossi 
ficationofhsmatomabeneath 
penosteum avulsed from tbo 
femoral shaft 



ation of liTmatoma tornesdi pen 
ostcum avulscd from the astragalas bv 
the antenor capanl of tlip ankle joint 
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tion If t})e bgament is avulsed at its proximal end from the inner femoral 
condyle, the hamatoma is subpenosteal and must undergo ossification The 
degree of neu bone formation, and the localisation or scattermg of it, depends 
on the treatment It is only the failure to recogmse and to understand the 
pathology of the condition n hich has led authors to describe this as a special 
cbnical entity with the title of Pellegnm Stieda’s disease ” ^ ^ It differs in 
no respect from tlie ossification of any traumatic subpenosteal hcematoma 
Traumatic ossification at the shoulder — ^\Vhen the clavicle is dislocated 
upwards at its outer end there is teanng of the acromio clavicular ligaments, 
and if displacement is severe, avulsion of the conoid and trapezoid hga 
ments from the coracoid process If the dislocation is completely reduced 
and adequately immobiUsed, the hgaments become reattached If the 
dislocation is not reduced the subpenosteal haimatoma at the site of 



Fio 150 Fio 151 

Sabpoiio«t«a.I ossificstion of sTubed Tr&umfttio ossification round 

conoid &nd trapezoid ligaments doe to shoulder joist due to passive 

unreduced upward and backward dis stretching after dislocation of 

location of clavicle the ;oint 

avulsion of each of these hgaments undergoes ossification (Fig 150) 
Dislocations of the shoulder joint itself are seldom left unreduced, so that 
avulsed capsule and ligaments are usually accurately replaced But these 
structures may be detached once more by early forcible movements, and a 
hiematoma results which undergoes ossification (Fig 151) 

TraumatiQ ossification at the elbow — ^It is in the elbow joints of children 
that the complication is most commonly seen Tins is simply because 
penosteum is more easily stripped in tlie child than in tlie adult, and because 
m children the elbow joint is dislocated more commonly than any other 
joint Obviously the condition will be more frequent after dislocations 
than after fractures, because muscle and capsule insertions into periosteum 
must necessanly be avulsed in a dislocation From what has been said of 
other joints it wdl be clear that the two causes of subperiosteal haimatoma 
ossification after elbow dislocation are — 

(1) failure to reduce the dislocation promptly' , t!ie longer the hones 
are displaced the longer the penosteum is displaced, and the more 
advanced is the ossification of the haematoina , and 
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(2) passive stretclung and forcible vigorous movements before the 
penosteum is firmly reattached to the bone 
It must be emphasised that it is passtt^ stretclimg and not active exercise 
vhich redisplaces the penosteum It is the dehberate stretching of the stiff 
joint by an over enthusiastic masseuse or anxious parent, or by the drag 
of heavy buckets of vater or bags of sand, which is responsible The 
joint has usually been immobilised in flexion, and it is extension movement 
which IS limited and vhich may be forced The subperiosteal ossification 
IS therefore seen m front of the joint, in some cases due to avulsion of the 
bracinalis anticus from the ulna, in some due to a\ulsion of the forearm 
muscles firom the condyles, and m some due to avulsion of both (Figs 
152 153) When both have been avulsed, subsequent tearing of the 
periosteal walls of the hsematomata may allou them to commumcate, and 
the joint then becomes ankylosed by a continuous bridge of bone 



Fiq 15’ Fjq 153 

Traumatic ossificatvoa due to passive stivtchiog after dislocation of elbow joint In 
Fig 152 the brachiabs antwus js avuJsed from the ulna In Fig 153 the common ilcTor 
origin IS also avulacd from the Immerus 

Treatment o! traumatic ossification at the elbow — ^The first sign of the 
complication is the radiographic evidence of n cloudy shadov in tliesc 
situations (Fig 154) The shadow gradually becomes more dense and 
consolidated but since the hiematoma is continually absorbing, the final 
bony mass is much smaller than the original shadow Tlie one essential 
treatment is to stop the passive jomt stretching which is responsible There 
must be no massage or anj other form of treatment by a raassoiise The 
child must not be permitted to carr> hcavj weights, or to hang from 
overhead beams by the affected limb Mo\ement must bo allowed to 
recover at its omi rate by the patients own guarded activitv 

The. absolute %mmob\hUj sometimes recommended is neither necessary nor 
aditsable Tearing away of the penosteum and hTiniatoma formation is 
the result of passu e stretching not of active exercise The onh treatment 
necessarj is to prohibit passive stretching Recoierj’ is no more rapid if 
active exercise is also prohibited b^ completely immobilising the joint in 
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plaster On the other hand Idus complete jmmobjlifc\ allows consolidation 
of the adhesions which liave also occutred from tlie passive stretching and 
permanent stiffness and limitation of extension aie tjien inevitable If the 
patient s own activity is permitted the hoimatoma will stdl absorb tlio new 
bone V ill stdl shrink and yet mobihty wiU gradually improve (Figs io 4 1 > 5 ) 
Operative lemoxal of bone spurs and bridges which are locking the 
jomt must not be undertaken in the early stages An operation performed 
before the ossifying haematoma is absorbed will only disseminate it and 
add to the ossifying area the new hiematoma of operation There is no 
indication for operation until the bone is finally consohdated and until 
spontaneous recoxery of moxement is shoxvn by actual measuiement to 
have ceased If a bone spur is defimtely obstructing movement it may then 
be removed but very often the stiffness is due to the adhesions which were 
also caused by the stretohmg rather than to the bone block and the range 
of mo\ ement may not be improved bj operation 
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Subpet ostcdl ossificat qq <lue to pass ve 
stret«lung after supracondylar fracture 
Prolonged mmobiUsation would causo 
permanent st iluess because the joint bos 
been scr ously traumatised 
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Same case as F g Io-( treated thout 
mmobdisatiDn Passive strctclung uaa 
prohibited but act e cTCTcise encouraged 
The bone has consolidated just as rap dly 
as f the JO nt had been mniob ] «ed 


Rare tyi e of iraumatic ossification at ike elbow — \ periosteal h'cmatoma 
may form at the elbow joint from disinsertion of tbe biceps tendon even 
when there has been no dislocation or fracture * The periosteum of the 
radius is stripped and retracted sexeral inches bj the elastic recoil of the 
muscle If it is not reattached an extensile subperiosteal h'cmatoma 
remains which undergoes ossification In one case tins injury was sustained 
bj a man who shook hands with a horse bj flexing Jus elbon and 
placing Ills supinated forearm below the ammal s raised forelimb At tJie 
moment tliat tlie biceps was tense the liorse decided to shako no more 
put his foot to the ground and disinserted tlie muscle Tlie retracted tendon 
was exposed through a 1 in incision in the arm and tlirougli an incision 
over the back of the interosseous space long forceps were introduced bx 
xvhich the tendon could be pulled doxvn and sutured to bone In this x\aj 
the heematoma xvas obliterated without an extensixe dissection m front 
of the jomt Recovery was complete and there xxas no trace of the bone 
formation usually seen after this injury 
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AVASCULAR BONE NECROSIS 

feurprisinglj little attention his beep paid in fricture treatment to tlie 
problems of ivascnlar necrosis of bone and articular cartilage Everj 
group of fractures maj be influenced b^ this complication Treatment 
ma\ be entirely changed incapacity periods ma^ be ei.tended from 
months to years perminent disability may take the place of complete 
recorer; It is of the most vital importance 

Pathology ot avascular, aseptic 
necrosis — It ivas Kbmg m 1888 who 
described the patliology of ostco 
chondritis dissecans as “ quiet ne 
crosis ” This was probably the first 
recognition of what is now known 
as aseptic or avascular necrosis 
The blood supply of the hone maj 
be lost through embolism or throm 
bosis of Its vessels ^ or it may be 
cut off by a fracture ^ ® The patho 
logical changes which supervene are 
to be described m three stages 
Onset of necrosis — ^Theie is im 
mediate cellular death of the 
avascular tissues The marrou 
elements change to a formless oily 
debns, bone cells disintegrate, and 
lacuna? become empty tombs 
When a joint surface is invohed 
patches of necrosis appear, separ 
ated by areas u here articular 
cartilage Ins survived by direct 
nutrition from the s^'novlaI fluid 
The general architecture of the 
bone remains undisturbed so that 
the radiographic appearances are unchanged Shortly, bouevcr, neigh 
bounng bone reacts with an active byperemia uhich is manifested in 
osteoporosis of the living bone Tins osteoporosis can occur onlv m the 



Sequestration of upper femora} rpip&ysis in aente 
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presence of a free blood supply, for the calcium is earned away by the blood 
stream Avascular bone cannot he decalcified it retains its original 
calcium content It is for this reason that a sequestrum can be distinguislied 
radiographicalJ} in infections of bone (Pig 156) and whether tlie blood 
supplj IS cutoff infection or bj injury tlie same differentiation betueen 
dead and living bone becomes possible The necrotic area preserves its 
original density and it maj even appear by contrast to be increased in 
densitj 

Stage 0 / regeneration — Active hjperjemia of the neiglibounng bone 
imtiates a grov tli of granulation tissue Capillar} loops and a fibrous stroma 
inaade the necrotic area Phagocytes both multiniiclear and mononuclear 
resorb the dead marrou and grow along the Haa ersian canals which become 
enlarged to several times their original size They are followed by bone 
forming cells and bone resorption and bone formation go on almost simul 
taneously The Haversian canals are rebuilt layer upon layer and they 
gradually resume their normal proportions By this creeping substitution 
both form and arclntecture are preserved The process is identical intli 
that by which a bone graft cut off from its circulation is invaded and 
replaced by living bone (Pig 100 p 48) Ibe replacement may be traced 
radiographically by the decalcification uhioh accompanies revascularisation 
In the earlier stages the appearances often suggest fragmentation of the 
dead bone because tongue bke mroads of vascular decalcified granulation 
tissue surround the islets of avascular dead bone Similarly localised areas 
of decalcification give an appearance of cyst formation 

Stage of heahng — Regeneration may occupy many months or even years 
The newly formed bone is soft and easily distorted but ultimately it regains 
the full strength of onginal bone Articular cartilage on the other hand 
suffers more permanent damage It is largeK replaced bv fibrous tissue 
and fibro cartilage Early u eight bearing encourages collapse of the sub 
chondral bone and it may be responsible for irregularity of the joint contours 
Even if there is freedom from weight bearing the new fibro cartilage is so 
imperfect that degenerative arthritis often develops 

Clinical applications o! avascular necrosis — In every fracture minute 
detached fragments of bone are deprived of their blood supply Indeed 
o\ er the whole fractured surface bone cells die lacunEe are empty , and there 
IS a thin film of avascular necrotic bone This is ina aded and replaced by 
living bone and it represents the normal process of repair (see Fig 1) In 
the treatment of non umon of a fracture the graft is avascular necrotic 
bone which is gradualU substituted by livmg bone Similarly when a recent 
fracture is reduced by open operation considerable areas of bone may be 
stripped free of periosteal and vascular attachments Even the vhole 
thickness of the shaft of a long bone may be rendered av ascular become 
necrotic and undergo creeping substitution In short complete loss of the 
blood supply of one fragment is no barrier to union Repair is delayed and 
it IS sometimes complete only after tuelve months tvo years or even longer 
Nevertheless if immobilitv is sustamed for an adequate period sound 
union of the fracture wall be achieved 

If the avascular fragment cames with it the articular cartilage of a joint 
the outlook IS wholly changed Repair will still be slow, but more than this 
it will now be imperfect Replacement of the hv aline cartilage with fibrous 
9 
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Fig Ij7 
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Iractun* neck of femur At the time of injniy both fragments are equallj calcified (tig I ~) 
Seven weeks later there is disuse decalcification of all hones except tho femoral lead which la 
therefore avascular (Fig 158) Ten weeks later the evidence has disappeared for there » no longer 
dcralcifieation of the other bones (Fig |j9) \n Mccanle prognosis ii possible onh if radiographs 
arc taken ilnniu, the secon 1 niorith 
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tissue or uitli an imperfect fibjro cartilage is almost inevitable As a rule 
the jomt space becomes progressively narrowed movemept is seriously re 
stncted and degenerative arthritis supervenes 

Early radiographic diagnosis ol avascular necrosis — The earl} radiographic 
diagnosis is based upon the apparent densitj of avascular bone ^ Since 
the bone has no blood supply its calcium content cannot cliange appreciablv 
wliereas neighbouring vascular bone can undergo disuse deealcificatioii 
In these circumstances avascular bone appears dense bj contrast It must 
be recogmsed however that the density is piirelj relative that it is not 
a true hj’percalcification and that the evidence is not available unless 
neighbouring hone shovvs deealcification The diagnosis cannot be made 
during the first few weeks after injiirj before disuse decalcification has 
begun Moreov er it cannot be made m the later stages after the resumption 
of functional activity The whole tendencj of modem fracture treatment 
IS to minimise disuse change by earlj functional activatj and the sign of 
relative densitj is transient (Figs 157 159) It is true that after several 
months other radiograpluc signs of av ascular necrosis maj appear particularij 
in the lower limb wliere the fragibtj of necrotic bone is shown bj a tendency 
to disintegration and crushing under the pressure of weight bearing But 
the diagnosis should be made before this stage so that the harmful effect 
of early weight bearing can be avoided Moreover bone disintegration and 
degenerative arthritis do not aiwajs develop so quicklv there is sometimes 
an interval of several 5 ears before the onset of these sequcl'e and if tlie 
passing shadow of relative density has been overlooked a completelj 
erroneous prognosis maj have been given It is important therefore m 
the case of all fractures sustained in regions where avascular necrosis mi} 
supervene to take radiographs during the second third and fourtJi months 
at about three weekly intervals If the shadow of relative densitv appears 
in an> one of these films the warning must not be ignored 


AVASCULAR NECROSIS OP THE HEAD OF THE FEMUR 

Blood supply o! the femoral head — The nutrient and periosteal vesscL 
of the femoral shaft extend as high as the trochanteric region and lower part 
of the neck but thej do not contribute to the blood supplj of the head of 
the femur The femoral Jiead is supplied from two sources — (1) capsular 
vessels (2) iigamentum teres vessels The vessels of the capsule enter the 
bone through foramina at the site of capsular attachment completing their 
course watJun the bone or thej run on the surface of the neck in retinacuK 
reflected from the deep aspect of tlie capsule finally entering the hone m the 
subcapital region These vessels suppU the upper part of the neck of the 
femur and the greater part of the liead The iigamentum teres vessels are 
well defined m children and usuallj remain patent throughout adult life ^ * 
thej supply an area of bone and articular cartilage in the region of the 
fovea centralis There is no anastomosis between these two sets of end 
arteries and if either group of vessels is obliterated bj mjurj thrombosis 
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or embolism the corresponding jiirt of tlie head of the femur loses its 
blood sijpplj ‘ The cap^uHr \essels may be interrupted iti the capsule 
itself as the result of traumstic dislocation or ba surgical exposure of 
the joint or thej ma\ be damaged after entering the bone bi fractures 
in the upper part of the neck The vessels of the ligamentum teres nla^ 
be torn bv the injurj of traumatic dislocation of thelup or the^ maa he 
damaged bj forcible rotation movements or manipulation of the joint 
causing stretelung of the ligament oier the margin of the acetabular fosaa 
Fracture of the neck of the femur ^ — Basal fraclures m the tro 
chantenc region of the femm* he below the site of entr> of capsular vessels 
and do not interfere avith the blood supplj of either fragment Trans 
cemcal fractures occur m a. dangerous region Capsular retinaeulfe usualh 
remain attached to the proximal fragment but the blood supplj the\ carrv 
la precarious If for example the fracture is not promptly immobilised bv 




The femoral 1 end « supplied e tb bloo I bj Teasels from the rap« le If the»e are dama<'eU 
by A trflumatw islocat on « high fracture of the neck or ep ph^-seal sepamijon ntasculsr 
necros s sui<eiTenes 


nailing the fragments imgnarded moxement maj damage the remaining 
aes&els Forcible manipulation during reduction of the fracture mai lie 
equally dangerous Fractures at this lead are more liable to interfere witli 
the blood supph of the head m children than in adults Exen low fractures 
near the basal region which are seldom complicated in adults sometimes cause 
axascular necrosis in children^ Subcajntal fraclures — high subcapitnl 
fracture max he aboxe even capsular attachment to the head no matter 
what precautions are taken the blood supply is then lost to all parts of tiie 
head except in the region of the foxea (Fig 101) Patients xxho sustain tins 
mjurs are iisuallj old and the vessels of the ligamentum tores maj alreaclx 
Iiaxe been inadequate so that quite frequently the xiiiole femoral iicnd 
mchiding the region of the fovea shows evidence of avasciilariti (Fig 102) 
Operntne exposure of femoral veck fractures — Open exposure of nnx fracture 
of the neck of the femur xxith dixasion and retraction of the capsule 
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endangers the blood supply of the head 
Vessels which escaped damage b\ the bone 
mjiirj on which the femoral head depends 
for its siimvaZ maj sustain injury in the 
inpsulai part of their course For this 
reason operative exposure has now been 
abandoned and nailing of the fracture is 
performed by an evtra articular tecli 
nique througii an incision over the 
trochanter av ith radiographic control The 
incidence of aaascular necrosis m nailed 
fractures of the femoral neck has been 
reduced thereby from over 30 per cent 
to 15 per cent 

Dislocation of the hip joint — Traumatic 
dislocation of the hip joint is necessarily 
accompanied by rupture oftheligamentum 
teres and loss of blood siipplj to part of 
Fig 101 the head of the femur m the region of the 

The part of the femoral head supplied by fovea Even if the area 15 limited the 
caps lar vessels is reiati\eiy dense and joint must suffer 80 me degree of damage 
‘byT£'u.m™tm iSl complete recover} 1 th a normal hip 

and therefore sascuiar joint 15 exceptional The more extensive 

the area supplied by hgamentum teres 
vessels the more grave is the complication Furthermore the capsule of 
the joint 18 also tom and according to the degree of violence tins source of 
blood supply is either impaired or 
completelj lost Avascular necrosis 
of the whole head with degenerative 
arthritis and sometimes with complete 
disintegration of the bone occurs in 
over 30 per cent of traumatic hip 
dislocations The incidence is increased 
if further injurj to surviving capsular 
vessels is inflicted bj undulv forcible 
manipulation or earlj passive move 
ment If operativ^e reduction with 
exteiisiv e stripping and division of the ^ 

capsule IS needed for a late unreduced * jjk ^ 

dislocation avascular necrosis occurs ^ 

m nearly ev erj case ^ 

Epiphyseal coxa vara — Separation 
and backward displacement of the 
upper femoral epiphjsis maj result B 

from a single acute mjiiri but more 
often it develops gradually and ap j,, jgo 

parent!) spontaneous!) in abnomnll) The^hoje fr noraMca i w c?en«e 
heav\ children who suffer from pitu ^wci‘«ha\DbceiuntMTupteib tie 
dvrtroph.es 4, the ep.pl.js., 
rotates backwards on the neck its 7»J»e jfthpfenoralJMi 





78 THE PRIXCIPHES OF FRACTURE TRE-VTJIENT 

central position in tlie acetabulum is maintained b\ an increasing degree 
of external rotation deformity of the -whole limb In former daj-s it w-a>. 
customary to attempt reduction of this deformitj bj forcible correction 
under anfesthesia If the hmb is strongh' rotated inwards and correction 
does not take place between the femoyal neck and epiplij-sis, the 
epiphjsis IS twisted mto the back of the joint, the hgamexitum teres is 
stretched over the margin of the acetabular fossa and the vessels 
within the hgament are mjured If the position is maintained Tor 
several weeks or months by a plaster spica destruction of the ligamentum 
teres vessels is almost inevitable This mistake was often made in the 
past because if antero posterior ridiographs are taken with the limb m 
strong internal rotation a radiographic illusion gives the appearance of 
accurate reduction even when the epiph5sis is still grosslj displaced (xee 
Chapter XXIX) Avasculai necrosis supervened with degeneration of the 
articular cartilage narrowang of the joint space stiffness of the hip and 



arthritic change ‘ TIus complication can usuallj be avoided if disphccmcut 
of the upper femoral epiphjsis is corrected not bj forcible manipulation 
under anaesthesia but onij b> cautious and gradual traction 

Legg-Perthes’ disease of the hip (pseudo coxalgia) — When fracture of tlic 
neck of the femur or dislocation of the lup joint occurs in young children 
the comphcation of avascular necrosis is manifested ba relative densitj of the 
epiph>sia, followed after seaeral months when revasculansatvorv is taking 
place bj an appearance of fragmentation, and if w eight bcarmg is permitted 
bj flattening of the contour of the head (Figs 1D3 IW) These epiph.iseal 
changes attributable to rupture of the hgamentuui teres or jntemiption 
of the capsular blood vessels, are stnkinglj similar to tlie changes of Legg 
Perthes’ disease of the hip joint So -strong is the chmeal resemblance that 
it must be assumed that Legg Perthes’ disease is a simple avascular necrosis 
due to concealed injurj or thrombosis of the vessels of the lignmciitum 
teres or capsule ® 

Congenital dislocation ol the hip joint — In former daj-s, congenital 
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dislocation of the hip joint xvas reduced bj forcible methods The \noIence 
of the manipulations nas easiJj capable of damaging the vessels of the 
ligamentnm teres and this explains the frequency ovith ■nlnch tj’pical Regg 
Perthes disease supervened Ojicratiae exposure of congemtal dislocations 
was complicated in a similar pay and the operation of reconstructing the 
upper lip of the acetabulum by the insertion of a bone graft fell into disrepute 
for this reason In these cases it was the vessels of the capsule rather than 
the aessels of the ligamentum teres which were damaged but the sequel 
uas the same Orthop^cdie surgeons now reduce congenital dislocations 
witli great gentleness and care and the complication of Legg Perthes disease 
IS seldom seen Aloreover in a senes of over thirty congenital dislocations 
I hav e hone grafted new acetabular margins taking care never to div ide the 
capsule or even, to expose it and only m one case has there been minor 
epiphj seal disturbance 

Monarticular osteoarthritis of the hip joint — In the same waj that a 
vailnerable blood supply explains the frequencv of Perthes disease of the 
hip joint m children I believe that it explains the frequencv of osteoarthritis 
of the hip joint in adults Osteoarthritis occurs far more commonlj in this 
than m anj other joint Tlie radiographic appearances are similar to those 
of degenerative arthritis due to avascvilar necrosis after dislocation of the 
joint there is the same mottling irregular density appearance of cjst 
formation narrowing of the joint space and flattening of the contour of 
the head Rhen exposed at operation areas of avascular necrotic bone and 
articular cartilage are evident and operative experience suggests that the 
vessels of the ligamentum teres are seldom patent in osteoarthntio hips 
Is it not highh probable that the usual cause of osteoarthritis of the hip 
joint is avascular necrosis and that the source of deprivation of the blood 
supply maj be obvious as m the ease of fractures and dislocations or it maj 
be concealed and due to minor strains and twists w Inch injure the ligamentum 
feres and cause thrombosis of its vessels t 

Summary of Avascular Necrosis of the Head of the Femur 

1 Blood vessels of the capsule of the liip joint and of the ligamentum 
teres are each of importance m maintaining the nutrition of the femoral head 

2 If either of these groups of blood vessels are destroved avascular 
necrosis of the femoral head supervenes causing degenerative arthritis m 
the adult and epiphjseal disturbance in the child 

7 Capsular vessels inav be destroyed bj nijurv to the capsule m traumatic 
dislocation of the joint violent manipulation of the hip or the surgical 
exposure of fractures traumatic dislocations or congenital dislocations of 
the joint 

4 Capsular v essels maj be destroj ed in their course through the neck of the 
femur bj suhcapital fractures m adults and traiiscerv ical fractures in children 

o Ligamentum teres v essels mav be destroy ed bj rapture of the ligament 
in traumatic dislocation of the Inp or by stretcliing the ligament b> forcible 
internal rotation in epiphvseal coxa vara or congemtal dislocations 

G Legg Perthes disease in children and osteoarthritis of the hip in 
adults are mamfestations of avascular necrosis The dtpnvation of blood 
sxipplj maj be due to the obvious cau^s of fracture or dislocation or to the 
concealed causes of minor injury or inflammatorj thrombosi«i 
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Fracture of the Keck of the Femur 

Sir Astle\ Cooper wrote of fracture of the neck of the femur in IS23 
It is impossible even for a few hours to preserve exact apposition of the 
fragments aiyi the surgeon should not be held responsible for a fracture over 
which he has so ht^le control ’ Control bj the surgeon was achieved uitli 
the introduction of the three flanged steel nail bj uhich exact apposition and 
complete immohihtj of the fragments could be maintained e\en uhen e'irl\ 
weight hearmg was permitted a perfect result depended onl> upon the 
surgeon s skiU in accurate insertion of the nail The recognition that impair 
ment of blood supplj might delay union for tuelve months or tuo jears 
and that complete immobdifcj of the fragments was needed tliroughout this 
time made it still more obvious that nail fixation was the treatment of 
choice But u e now know that if impairment of blood siippR of tlie femoral 
head is complete and avascular necrosis superienes a steel nail ploughs 
through the fragile bone redisplacement occurs the bone disintegrates and 
degenerative arthritis supervenes In these cases the nailmg operation is 
no longer a hnUiant success it is better to adopt the second best plan of 
treatment and perform an osteotomy of the Lorenz type in w hicli an arthro 
plasty IS estabhshed between femur and pelvis tlie necrotic head of the 
femur remaimng sequestered and immobile in the acetabulum (Fig 102 
inset) What is the evidence on which the diagnosis of avascular necrosis 
may be estabhshed ? In which circumstances should the surgeon change his 
plan, of treatment from the naihng operation to tlie osteotomy ? 

1 Relative density of the femoral bead — If the fracture is several 
weeks or months old limited function has already caused general disuse 
decalcification and if the femoral head is relative]} dense impairment of 
its blood supply is proved In these circumstances the nailmg operation 
should not be employ ed On the other hand m fractures a feu da% s old the 
diagnosis cannot be made An accurate diagnosis could of course be esfab 
hshed by deferring operation for several weeks and noting whether relative 
density of the head appeared but since delay m immobihsmg the fragments 
may itself precipitate the compbcation by causing further damage to surviving 
vessels this course is not justifiable Tlie nailing operation should he 
performed without delax raiographs being taken at three w eekly mten ah 
If relative density is shown evenifonly monefilm the surgeon must be iranied 
It, does Tiotr necesaxTily follow that complete ueeiosis end rapid dismtcgratiew 
IS inevitable (Figs JGolOS) It is true that degenerative arthntis uill 
probably supervene in the course of time but meanwhile mam jears of 
good function may be enjoyed Tivo precautions must be taken (1) Union 
will he slow it will be complete onJv in twehe months two rears or eicn 
longer Throughout tlie greater part of this time stability of the hone w ill 
depend largely upon the nail and it should not be remoxed exen twelve or 
eighteen months after operation because immediate refracture vnll almost 
certainly occur (2) Height bearing should be deferred for manx months 
in order to prevent crushing of the fragile bone and damage to the 
devitabsed articular cartilage * Immobihsation of the joint is not adv I'^able 
revascuhnsation is best promoted bx active non weight bearing exercise 
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2 Increasing penetration of the aail and shortening of the neck — Com 
panson of films taken at two monthly intervals may show progressne 
shortemng of the neck and increasing penetration of the nail (Figs 169 
171) The most reliable measurement is from the point of the nail to the 
articular surface Increasing penetration mdicates abnormal fragility of 
bone and is evidence of necrosis It is most pronounced v hen earl^ weight 
bearing has been permitted Ultimately the pomt of the nail may actually 
penetrate the joint and it is then neecssarj to remo\e it, and if the fracture 
has not already united, to perform a Lorenz osteotomj 

3 Ploughing of the nail through the head— The nail may not onlj penetrate 
more deeply but also plough upwards and forwards through tJie bone 
Comparison of antero posterior and lateral radiographs at two montlih 
intervals shows that the central position of the nail is not maintained, and 
that tlie head moves in relation to the neck into the position of cova vara 
(Figs 172 175) or co\a anteverta (Figs 176 179) This must not be 
attnbuted to a fault in the nailing technique reinsertion of the mil or tlie 
introduction of a longer nail is a mistake Rcdisplacement is occurring 
because the bone is too fragile to mthstaud the pressure of a nail The 
correct treatment is rcmo\ al of the nail and a Lorenz osteotomy 

4 Slow union of the fracture— Slow union of the fracture despite the 
complete immobilisation of a well placed nail can be accepted as evidence 
of impairment of blood supplj If umon is not complete mthiii about si\ 
months, the head is aiascular If, for example, a nail has been removed 
after six or twelve mouths and refracture has immediate!} occurred, a 
second nailing operation or a naihng and grafting operation, is inadvisable 
(Figs 180 183) Similarly, if no cross pm fixation lias been employed and 
extrusion of the nail lias occurred nith disengagement from the head after 
six montlis, foUoued immediately by redisplacement of tho fragments, the 
nail should not be reinserted The head is avascular and necrotic, and an 
osteotomy should be performed 

3 Late onset of arthritis — If the sign of relative density was not con 
elusive, and there has been no evidence of increasing penetration, ploughmg 
of the nail or slov umon, the final evidence of avascular necrosis is often 
delajed by manj jears A slowly developing degenerative arthritis maj 
supervene five, ten or even fifteen jears after fracture (Figs 184 185) 
Removal of the nail, or replacement of the nail bj a bone graft, appears to 
hav e no influence on this late dev’clopmciit (Even if performed at an earlier 
stage, a bone graft is of little or no importance as a conductor of blood v esseh 
and a means of rev ascuhnsing tlie head If the sj-mptoms are siifficientl}' 
pronounced to warrant it, arthrodesis of the joint is necessarj 

Treatment of old un-umted fractures — ^TUe question as to w hetlier a fracture 
several months old should be treated by naihng and grafting, or b} a recon- 
struction operation, depends entirelj on the question of avascular necrosis 
If there has never been evidence of impairment of blood supplj, even a 
SIX or tw elve months’ old fracture may be successful!} nailed If, on the 
other hand, there is proof of necrosis of the head, even a si\ weeks’ old fracture 
should not be nailed or grafted The fragile bone wall probabi} not Iiold the 
nail, and even if it docs arthritis of the jomt will supervene The tjpe of 
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Fracture o! the Neck of the Femur 

Sir AstIe^ Cooper Tvrote of fracture of the neck of the femur m 1823 
It js impossible even for a few hours to preserve exact apposition of the 
fragments anjl the surgeon should not be held responsible for a fracture o\ er 
which he has so ht^le control Control bj the surgeon was achieved viitl} 
the introduction of the three flanged steel nail bj which exact apposition and 
complete immobility of the fragments could be maintained e\ en u hen carl\ 
weight bearing was permitted a perfect result depended onli upon the 
surgeon s skill m accurate insertion of the nail The recognition that impair 
ment of blood supply rmght delaj umon for tuelve months or tuo a ears 
and that complete imraobihtj of the fragments was needed throughout tins 
time made it still more obvious that nail fixation uas the treatment of 
choice But we now know that if impairment of blood supply of the femoral 
head is complete and avascular necrosis supervenes a steel nail ploughs 
through the fragile bone redisplacement occurs the bone disintegrates and 
degenerative arthntis supervenes In these eases the nailing operation is 
no longer a bnlhant success it is better to adopt the second best plan of 
treatment and perform an osteotomy of the Lorenz tj'pe m which an arthro 
plasty IS estabhshed between femur and pelvis the necrotic head of the 
femur remaining sequestered and immhbile in the acetabulum (Fig J02 
inset) AVhat is the evidence on which the diagnosis of avascular necrosis 
may be estabhshed ^ In which circumstances should the surgeon change his 
plan of treatment from the nailing operation to the osteotomj t 

1 Relative density ol the femoral head — If the fracture is several 
weeks or months old limited function has alread} caused general disu‘«c 
decalcifieation and if the femoral head is relatively dense impairment of 
its blood supply IS proved In these circumstances the nailing operation 
should not be employed On the other hand in fractures a fen da>s old tlie 
diagnosis cannot be made An accurate diagnosis could of course be estah 
hshed by deferrmg operation for several weeks and noting whether relative 
density of the head appeared but since delay m immobilising the fragments 
may itself precipitate the compbcation by causing further damage to siirvn iiig 
vessels this coiiree is not justifiable The naihng operation should be 
performed without delay radiographs being taken at three weekly intenaf» 
If relative density isshown evenifonlymonefilra thesurgeonmust be wanieil 
It does not neeessaidy foWow tlaat eompleto nevToais and rapid disintegTfttion 
IS inevitable (Figs 165 168) It is true that degenerative arthntis will 
probably supervene in the course of time but meanwhile nian\ years of 
good function may be enjoyed Two precautions must be taken (1) Union 
wdl be slow it mil be complete only in twelve months tuo ^ears or even 
longer Throughout the greater part of this time stability of the bone uall 
depend largeh upon the nad and it should not be removed even tu-ehe or 
eigJiteen months after operation beiause immediate refracture tsall almo‘>t 
certainly occur (2) M eight bearing should be deferred for mani months 
m order to prevent crushmg of the fragile bone and damage to tlie 
devitalised articular cartilage * Immobibsation of the joint is not adi isable 
revascularisation is best promoted b\ active non n eight bearing exercise 
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2 Increasing penetration of the nail and shortening of the neck — Com- 
parison of films taken at Wo monthly intervals may show progressive 
sliortenmg of the neck and jnamsing jienetration of the nail (Figs 169- 
171) The most reliable measurement is from the point of the nail to the 
articular surface Increasing penetration indicates abnormal fragility of 
bone and is evidence of necrosis It is most pronounced when earlj weight 
bearing has been permitted Ultimately the point of the nail may actually 
penetrate the jomt and it is then necessary to remove it and if the fracture 
has not already united, to perform a Lorenz osteotomy 

3 Ploughing of the nail through the head — ^The nail may not only penetrate 
more deeply but also plough upwards and forwards through the hone 
Companson of antero posterior and lateral radiographs at tno monthU 
intervals shows that the central position of the nail is not maintained, and 
that the head moves m relation to the neck into the position of coxa ara 
(Figs 172 175) or coxa anteverta (Figs 176 179) Tins must not be 
attributed to a fault in the naihng technique , reinsertion of the nail or the 
introduction of a longer nail is a mistake Redisplacement is occurring 
because the bone is too fragile to withstand the pressure of a nul The 
correct treatment is removal of the nail and a Lorenz osteotomy 

4 Slow union of the fracture — Slow union of the fracture despite the 
complete immobilisation of a well placed nail can be accepted as evidence 
of impairment of blood supply If umon is not complete within about six 
months the head is avascular If for example, a nail has been removed 
after six or twelve months and refracture has immediately occurred, a 
second naihng operation, or a nailing and grafting operation, is inadvisable 
(Figs 180 183) Similarly if no cross pm fixation lias been employed and 
extrusion of the nail has oceurred with disengagement from the head after 
SIX months, followed immediately by redisplacement of the fragments, the 
nail should not be reinserted The head is a\ ascular and necrotic, and an 
osteotomy sliould be performed 

5 Late onset oi arthritis — If the sign of relative density was not eon 
elusive, and there has been no evidence of increasmg penetration, ploughing 
of the nail, or slow union, tiie final evidence of avascular necrosis is often 
delayed by'’ many years A slowly developing degenerative arthritis may 
supervene five, ten or even fifteen years after fracture (Figs 184 185) 
Removal of the nail or replacement of the nail by a bone graft, appears to 
have no influence on this late development (Even if performed at an earlier 
stage, a bone graft is of little or no importance as a conductor of blood \ essels 
and a means of revasculansmg the liead If the symptoms are sufficiently 
pronounced to warrant it arthrodesis of the joint is necessary 

Treatment o! old un-umted fractures — ^Xhe question as to w hether a fracture 
several months old should be treated by nailing and grafting, or by a recon 
struction operation, depends entirely on the question of avascular necrosis 
If there has never been evidence of impairment of blood supply, even a 
SIX or twelv’e months’ old fracture may' be successfully nailed If, on the 
other hand, there is proof of necrosis of the head, even a si\ weeks’ old fracture 
should not be nailed or grafted The fragile bone will probably not liold the 
nail, and even if it does arthritis of the joint will supervene The type of 

•n B PlicrtilMer Pathnloey oriiuinUH FtaHurwoTtl » of tl e lemur wUli “poelal KcfftcmYt >lhe 

Head Jmr Jione and Joint Surg 1939 xxi W1 



THE PRINCIPLES OF FRACTimE TREiTMEM 





AVASCULAR BONE NECROSIS 


83 





Fio 171 Two jears 


Avascular necrosis proved by incxeasisg penetration o! the nai] 

Tlfliliograpbs three months alter opemt on suggested tl e fo\t bihtv of relative dens tj of fho 
femoral head bat the\ were not condo ve(FR 169) A\e ght bcanngr-as perm ttc<l bix months 
later there is clear evidence of increasing pendrat on of Iho nail, proving a\ ascnlar necros s of the 
heaKFiff I 0) T vo years afteroperaf on Ihenailliaspcnctmted the joint surface and the femoral 
Icsibss 1 integrated (Fff 171) 
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Fia 178 Four mentis lie 1"D Stx months 

Amcular necrosis proved h? rapid ploughing ot nail through the head (coxa anteverta) 
Antcro posterior and lateral radiographs one «cek. after operation sliowel that the nail was 
centrally placed (Fig 176) Deap tc protection from weight boanng the nail ploughed through 
the front of the head (Fig 177) The head thsplaced backwards into tl e position of coxa antes erta 
(Figs I 8 I"0) Fven when the a gn of relatisedens t» winconcJusiye rcdisplftcemcnt despite an 
accttrsteh placed na ! proses that tJ ebcad wasasciilar necrot c an J fragile 



Fjo 1S2 Sis mootiis Fio 183. Fj'’Jilccflj3>on!biaftfrJTnfljlji)^ 
Avascular necrosis proved liy slow tmioa— early case lUostrahns many errors of treatment 
Fracture of the neck of the femur treated b\ theonginal technique of open exposure of the fragmei t< 
(first error) The naiJ m eenfraJIr placed fhig J80) No evjdtnce of rcJitire denwty of the lies 1 
« as elicited The nail was not dnven home an I the projecting hca 1 cause f discomfort (seii n 1 
* mr) Fight months after opersfion it »as thought that union uss tuS" cienUy sound for removal 
of the nail (third error) \\ithin two data the fracture had redi«placrd (lig 181) The fact tlial 
low union proved avascular necrosis was not reengni»ied an 1 the fracture hss renaded (f lorth 
error) One guide wire used for directing the nail broke off m the bone (Fig 183— fifth cm r) 
Thecertaintrofavascularnecrosisoftheiiead'nasfiaalK made clear oiglifccn months after rcfutdifg 
dig J83) The nail has ploughed through the necrotic head and the fragment of gin Ic wire w 
penetrating the acetabulum first nail should not have been removed at the eighth month 

Ccrtainlj when displacement recurred the fiactun. ahould not have been renailed a Ixircnr 
osteofomj a as indicated This was the treatment finally adopted dc'pite the manj d 'Ader* tho 
ultimate lesnlt was quite cnoil 




Fio ISj E^t^ears 

Avascular necrosis proved late development ot degenerative 
artbntis 


This patient resumed heavy norl within twelve months of opcmtion 
(Fig 181) and for several yean the revolt appearc 1 to bo perfect 
tight years after nailing there n clear « tdeaee of disintegration of 
tho head and degenerative arthritis proving a bIowIv developing 
avase«larBcero«w(Pig 18 j) 
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Teconstructive operation to be perfonned for old xm united fractures is also 
-to be determined by the problem of araseulaT necrosis JIany operations 
formerly described, such as the Brackett operation ^ m -which the upper 
femoral shaft was implanted into the head, are non obsolete for this reason 
Even the Whitman reconstruction operation,* in ivlueh the femoral liead 
was removed and the stump of the neck implanted in the acetabulum, is 
likely to fail because strippmg the neck deprives it of blood and induce‘. 
-avascular necrosis * *Tlie simple bifurcation osteotomy of Lorenz Ins 
.superseded these procedures 


Traumatic Dislocation o! the Hip Joint 

The frequency -with which traumatic dislocation of the lup joint is com 
pbcated bj' avascular necrosis has not Intherto been recognised Tlie sequel 
of degenerative artliwtis is sometimes delayed for several years,* and the 
dislocation and artliritis were not always associated as came and effect 
In fact, however, nearly every traumatic hip dislocation is comphcated in 
this way to a lesser or greater degree * Rupture of the ligamentum te res 
causes localised necrosis of bone and cartilage m the region of the fovea m 
the majority of dislocations and m over 30 per cent of cases additional 
injur y to capsular vessek c auses complete disintegration of bone and *!ev cro 
degenerative arthritis 

Diagnosis of avascular necrosis in children — The complication may bo 
reoogiused m early weeks by relative density' of the upper femoral epiphysis 
which does not undergo disuse decalcification (Figs 1S6 290) Subsequent 
changes are those characteristically seen in Lcgg Pertlies’ disease As 
revascularisation takes place and islands of decalcified bone appear, the 
epiphysis appears to be fragmented If weight bearing is permitted the 
fragile bone is crushed, the femoral head is flattened and the epiphysis and 
neck are broadened (co-^a plana) Ultimately revascularisation is complete, 
the bone shou s uniform calcification, but joint movement may remain limitcil 
by deformity of the head Finally, ten or twenty years later, degenerative 
art hritis supe rvenes 

Treatment in children — The essential tre<atment is to protect^ t he no crotit. 
bon e from compression until r ev ascii lansatio n and reg eneration are_complctc 
-- Earlv weight beaniig is the worst treatment because it crushes the Mil*- 
chondral bone distorts the joint surface flattens the femoral liead and 
interferes with regeneration of the articular cartilage A plaster spica is of 
no particular value, and if the patient is allowed to walk m the plaster it is 
of no value at all Even a walkmg calliper splint is ineffective Tlie patient 
must be rmim bent a nd there must be traction on the lim b Tlie traction 
sliould be continued until revascularisation is complete, and usinllv for 
eighteen months or two years For the first few months, while the joint is 
irntabJe and”fhere is muscle spasm with a tendency to flexion adduction 
■deformity, the hip is also immobilised by means of nn abduction frame Tor 


‘BmVttt JloitonXtrd andSarg Jotr Jovr Bon4 ant Jo nl \urg lOl'l xx OJ 
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the next t\\ elve or eighteen months traction is continued bv weight extension 
or b} t\nig the limb to the rused foot of the bed and active hip movements 
are encouraged hen the apparently dense bone has passed tJirougli 
the fragmented stage to the stage of completely umform calcification 
traction is discontinued A further few months are spent in more energetic 
non ueight bearing exercise for increasing periods eacli day Fmallr after 
about two vears unprotected weight heanng is permitted 

Diagnosis of avascular necrosis m adnifs — Every effort should be made 
to estabhsh the diagno&is within two or three months of injury by the radio 
graphic sign of relative density of the femoral head If this evidence 
IS inconclusive the complication 
should he suspected on clinical 
grounds if it is found that rotition 
movement remains limited and 
that flexion movement does not 
increase beyond 90° In succeeding 
months the gradual development 
of flexion deformity conflnus the 
diagnosis and as years pass b\ 
the range of movements becomes 
steadily less The radiographic 
evidence may not be striking (Fig 
191) Comparison uith the normal 
hip sbous reduction m the joint 
space due to erosion of articular 
cartilage and slight mottling of 
the Jiead of the femur mth irregu 
lar density and imperfect bone 
texture In other cases the dis 
mtegrition of bone is much more 
rapid the clinical diagnosis is 
obvious witbm twehe months or 
two aears of injury and radio 
graphs shov gross distortion 
crusbing and irregular densit\ of 
the femoral head mth complete 
192) 

Treatment m adults — The treatment advocated in children nameh 
recumhenc^ and traction for two years is seldom justified m adults Aot 
onli IS the adult less able to spend two years jn bed but the regenerate e 
powers of articular cartilage are less than m the child and it is unhkeh tl at 
tile sequel of early degenerative arthritis can be avoided It js bettor to 
insist on recumbency for the first three or four months after injiirv and 
if severe artlmtis with considerable pain and almost complete stiffness still 
develops to artlirodese the joint The alternative of arthroplasty ma\ 
be considered using the vitaJJiuni ciip technique of Smith Petcr«cii * 
(Fig 193) But it is to be recognised that a hip joint soundly ankylo^cd 
in the optimum position causes gurpnsuiglv little disability there is no 
apprcci ibJe limp if is easy to walk ten or fifteen miles w ithoiit discomfort 
M V 1 IM ArttroFl I nj J"' ^ 
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or fatigue , patients can jump, hop, chmb and run, play tennis and golf, 
enjoy mountaineering and ski mg , men go back to strenuous labour , 
women do their normal household duties , there is no pam m the back , 
there is little or no difficultj m sittmg Tlie result is so completely 
reliable, that to compete with it an arthroplastj must be very perfect 
indeed It is, however, essential that ankylosis shall be sound and that it 
shall take place in the optmiuni position of stncti} neutral rotation, uith 
neitlier .abduction, adduction nor flexion deformity A long three flanged 
nail must therefore be used transfixing the upper femur and pelvis ^ 
(Figs 194 195) Without the fixation of such a nail bon 3 union cannot bo 
relied upon , fibrous ankvlosis occurs 
in near]}’- 50 per cent of cases and 
the result is unsatisfactory Even 
uitli a nail union is seldom com 
plcte in less than tuelve montlis or 
tvo jears because the head of the 
femur is avascular the nail is 
therefore essential in order to prevent 
recurrent deformity throughout this 
period * The case illustrated m 
Figs 19G-19S proves the importance 
of nail fixation A four months’ old 
unreduced dislocation of the hip joint 
uith sciatic pi^Isy was reduced b\ 
open operation' Avascular necrosis 
was inevitable so^iatan arthrodesis 
^vas at once performed the nad was 
driven into the pelvis at a second 
stage operation, two weeks after the 
first The foimir u as fixed with just 
sufficient trace of abduction to correct 
true shortening The bead of the nail 
was not fixed to the femoral cortex 
with a cross pm, and some extrusion 
of the nail occurred Eighteen 
mouths after operation the hip 



Fio 102 

DiMocation of hip with a>ascular necrosis and 
srthnti9-~-i])arked \ change? — gro??]» irrcgu 
Jar density and texture and disintegration of the 


suddenly became painful, apparent shortening due to adduction deformity 
developed and radiographs showed that the nail had shd out of the pelvis 
Although fixation had been maintained for no less than eighteen months 
the .arthrodesis was still not firmi} consolidated and tlie protection of a nail 
w.as still necessary It was therefore reinserted in a new track and secured 
by a cross pm Two 3 e.ar 8 later consolidation of the arthrodesis was quite 
sound and the patient walked and ran excellent!} watli no shortening, no 
deformity and a reli.able painless hip 

' Watson-Joncs Artliro<lC‘>U t f II p 0*t«> aitl ntlc lUp /«.r Amfr ViJ !•« ISIS px ""S 
* Tlvoop<^r-ition of fixing Uip 1 Ip Joint I > iHpanaor»n»H»loiic»it1 out | icliinlnxrj (Ippuiliiigocortlriihrsiirfacpn 
refcmiJ to In former edition? of thi? booX and descntiel In Jour im*r Mfd iMor.Jnn I9J? cx STS.hxx 
bpfn abaiirtoncil Tlie oVij ct of thl? procedure xras to idxe the adxantageH of arthroilr«l? of fflt liip to ol I 
patients who were not fit for the fiillojietalian rxpen nrehasebownthat nnlcssa hip Joint Isolnaik^ almc^t 
couiplcUlj stiti the fixation of a nail alono la not sttdalnea In the cwiric of time lannfiil m >\em»iit il \clops 
ilcspitc the nail The excellent result nhhh ran he a cured lx atthnwlesls of Ui hlji .Umai, 1< a tWMUiP- 

operation-— (a) donudhitt articular earillag. of aretahulimaodf moral heal (!<) drKliu in a I nsthrei tlansml 

nsl! UJ) ier radiognphle control 
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the ne\t twelve or eighteen months traction is contmued bj weight extension 
or bj tj ing the bmb to the raised foot of the bed nnd active hip movements 
ire encouraged hen the apparently dense bone has pa-ssed through 
the fragmented stage to the stage of completely umform calcification 
traction is discontinued A further fen montlis are spent in more energetic 
non n eight bearing exercise for mcreasmg penods each dax Fimllx after 
about tv 0 y ears unprotected weight bearing is permitted 

Diagnosis of avascular necrosis m adults — Every effort should be made 
to estabbsh the diagnosis within two or three months of injury by the radio 
graphic sign of relatixe density of the femoral head If this evidence 
IS inconclusive the complication 
should be suspected on clinical 
grounds if it is found that rotation 
movement remains bmited and 
that flexion movement does not 
increase beyond 90“ In succeeding 
months the gradual development 
of flexion deformity confirms tl c 
diagnosis and as years pass "bv 
the range of movements becomes 
steadily less The radiographic 
evidence may not bo sinking (Fig 
191) Comparison with the normal 
hip shows reduction m the joint 
space due to erosion of articular 
cartilage and sbgbt mottling of 
the head of the femur with irrcgu 
lar density and imperfect bon© 
texture In other oases the dis 
integration of bone is miicli more 
rapid the elimcal diagnosis is 
obvious within twelve montlis or 
two years of injury and radio 
graphs show gross distortion 
crushing and irregular densitv of 
the femoral head vitli complete 
1 ^ 2 ) 

Treatment in adults The treatment advocated in children namclv 
recumbenev and traction for t^o years is seldom justified in adults Xot 
only IS tl e adult less able to spend two xears m bed but the regenerative 
powers of articular cartilage are Jess than in the oluld and it is unlikely that 
the sequel of earlv degenerative arthritis can be avoided It is 1 ettcr to 
insist on recumbency for the first three or four months after injurv and 
if severe arthritis with considerable pain and almost coniplelo stifTne'5'> still 
develops to arthrodese the joint The alternative of arthroplasty mvv 
be considered using the vifallium cup technique of Smith Peter«cn * 
(Fig 193) But it IS to be recognised that a hip joint soundiv nnkyJosetl 
m tl e optimum jwsition causes siirpnsinglv little disnbilitv there is no 
appreciable limp it is easv to walk ten or fifteen miles w itliout discomfirt 

M \ « 1 I r»in Art « I l> oftlell i Jtmr *•« « *•“ / "<'3 
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Dulocation of h p th a a cutsr necross and ar 
thnt — m n mal \ raj cl anges — narrowjo nt'pacc 
nregnlar ten tj and irregular tcslure of hea t 

disappearance of the lomt space (Fie 
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or fatigue , patients can jump, hop, climb and run, plaj tennis and golf, 
enjoy mountaineering and ski mg men go back to strenuous labour 
women do their normal Jiousebold duties , there is no pain in the back , 
there is little or no difficultj m sittmg The result is so completclj 
reliable, that to compete mth it an arthroplasty must be aerj perfect 
indeed It is, honever, essential that ankjlosis shall be sound and that it 
shall take place in the optimum position of strictlj neutral rotation uith 
neither abduction adduction nor flexion deformitj A long three flanged 
nail must therefore be used transfixing the upper femur and peh is ^ 
{Figs 194 195) ^Ylthout the fixation of sucli a nail bon> union cannot be 
relied upon fibrous anka losis occurs 


m nearly 50 per cent of cases and 
the result is unsatisfaetorj Even 
Mith a nail union is seldom com 
plete in less than tuelve months or 
tno years because the head of the 
femur is <avascular the nail is 
therefore essential in order to prexent 
recurrent deformity throughout this 
period ® The case illustrated m 
Figs 19C 198 proves the importance 
of nail fixation A four months’ old 
unreduced dislocation of the hip joint 
mth sciatic pijlsj uas reduced bt 
open operation* Avascular necrosis 
as ineMtable so^liatan arthrodesis 
u as at once performed , the nail was 
driven into the pehis at a second 
stage operation, tuo weeks after the 
first Ihe femur uas fixed with just 
sufficient trace of abduction to correct 
tnie shortening The head of the nail 
a^as not fixed to the femoral cortex 
vith a cross pm, and some extrusion 
of the nail occurred Eighteen 
months after operation the hip 
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Dislocatton ot h«p ^\lth R\asculat jifcroirt and 
aribntis — marked X tay rhaoRes — grossly ifreg\i 
Jar dciiisifvand texture and cli^mteRration of the 


suddenlj became painful apparent shortening due to adduction deformity 
developed and radiographs showed tliat tlie mail bad slid out of tlie pelvis 
Although fixation had been maintained for no less than eighteen months 
the arthrodesis was still not firmly consolidated and the protection of a nail 


was still necessary It was therefore reinserted m a new track and secured 
by a cross pm Two years later consolidation of the arthrodesis was quite 
sound and the patient walked and ran excellently with no shortening, no 


deformity and a reliable painless hip 


'Watson Jones Aril rodcsis of tl e 0«<»o artintic Hli Joir lurr Vo( lit 19W rx S * 
’TleolH'r■^tlonoffl'ilngtlehlI>Jolntlvnleansof»Ilail»l<wwIt^oltI^^.llmln^rJ »! iiU(ljnafifnrtlenI»r«urra<va 
refernd to In former cditioiis of thf< hook and descnhrd fai /o r Iijmt l/erf t»«ir Jan J{i3< er 2*ti hns 
been abandone 1 Ihe nbjert of t1 !•* pr« cedure «as to El'* the atHantnaes of artlircKtc^h of tl* I ip to ol 1 
natl nts who tv ere not flt forth full oiveratlon Pxprri nreta'.diown that ni less a I fp J fnt haloaij} sinio«e 
eonipl tcU still the tlxation Of a uall alotw b not au. Uliwd intbectnnHi of time painl il movement d vcIojn 
despite the nail Tlie exeellent result wl leh can be seeuie J r> arthro t afs of the hlf d niands « tn'u-staijr 
operation — (n) demidina articular carttHge of aretabul unanlf n oral l>ea 1 (M Irhli a In a Inna tl ret hanatJ 
nail nil ler radiogr-iphlc control 
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^ t«lLum cup artbroplasty for old unreduced <L }oca( on of the h p 
(Smth Peteraeti technique Jo r Bone and Jotnt S g 1031 '>69) 
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Artl rode a of iup for a necoUr nectosis « 1 Jei»eijprat re art} nl s after di^Jofnl o of ll <• 
]0 nt A th ce Banged na I must be used to ensure consol dat on n the opt mum p‘« t o 
(Uatson-Jones teef n que Jo r f <r 3M -iaeoc ee "TSJ The na J mm }« nserte*! 

at the t me of the artl o le s (F g 194) or at n second stftee opera on (1 g 19 ) \ ero a j n 

sho Id be «od to pre enl ectru on 


Fig 106 Three months 


Fig 107 Njne months 



PiQ 198 K^hteen mo« th« 


Uoieduced dislocatioa o! hip mth aTascular necrosu Slow con- 
solidatioa alter arthrodesis o! )oiut 
Four months oM unrrdnced dislocation «ith sciatic psU} Aiasrutar 
necrosis was inentable and immed ale arthrodesis was poifonacd with 
second stage na hng operation (Pig 106} The nad w as not fited by a 
cross pm and It gradually estnided (Fig 197) E»en eighteen month< 
later consoMat an is unsound and when the nail (inallv left the pclns 
pain and deform tc recurred (Fig 198) The first on of « nail is 
essential and extrusion mu t be presented bs a cross p n 



94 


THE PRINCIPLES OF FRACTURE TREATAIENT 


A 



Legs Perthes* Disease oi the Hip 

Traumatic dislocation of the lup and transcemcal fracture of the neck 
of the femur in children maj produce changes which are climcally and 
IadIog^aphlcalI^ indistmginsl able irom Perthes disease Thea are in 
distinguishable because thea are the same (but see p 78 footnote) 
Tins disease is sunplv an avascular necrosis of the upper femoral 
Tie frequency is explamed by the vuluerabihtj of the blood 
suppiv uhich may be cut off bj the injuries we have discussed or by 
the capsular trauma of manipiiJative 
and operative reduction of congenital hip 
dislocations It maj also be cut off bv 
any stram or twist which causes throm 
hosis of capsular or ligamentum teres 
vessels or bi the toxic and mfiamniator} 
changes which occur so commonly m the 
hips of children Rbether the source of 
deprivation of blood is obvious as m 
fracture or dislocation of the joint or 
concealed as in traumatic and toxic 
tlirombosis tlie sequel's are the same 
Host t\'pical cases of Perthes disease 
are alrcadv m the fragmented stage when 
they are first seen-' Contmued weight 
bearing has alrcadi crushed the epiphjsis 
so that it IS flat and broad This accounts 
for the characteristic coxa plana and wide 
femoral neck (Fig 109) The appearance 
of densit\ of the epiph}*8is and of 
fragmentation has been xnisimderstood 
^^e have behe^ed that tl is uas due to bvpercalciflcation Actuallv it is 
due to retention of the original calciuni content wlule neighbouring bones 
liave decalcified If a ca«!e which ultunateU develops the tj-pical signs of 
Perthes, th'sease is seen on the first day of bmpuig the radiographic appear 
anccs are normal ^ If the hip is immobilised so that disuse decalcification 
arises and luana radiographs are taken nt weekU or fortmghtly intervals 
one film -will show fadure of decaJcificatiou of the epiphysis (Fig ’01) 
This stage is transient and max easily be overlooked 

The correct treatment of Perthes- di*'ea«e is the treatment of avascular 
necrosis of the femoral head m children There must be complete freedom 
from weigl t bearing and continuous traction for tnelve months to tuo 
^oa^s imtil revasouIaiKition is complete Immobih-'ation m a plaster *>pica 
Is wortlile s and a u-nlking caUiper splint is of doubtful value ‘^mce in 
mam cases where there lias been no actual dislocation or fracture the loss 
of blood supph 1 as not been complete perfect Teco\er\ with a liip joint 
apparentU mdi&tmguislnble from normal is often secured '\e\crtlieless 
a!3 uith am case of aaascuUr necro is of a joint siirfice the regenerite<l 
articular cartilage is imperfect and degenerati\e arthntis ma\ an'-e ten or 
tuentj aears later 

WiU n. >-1^1 of C<«a rliitt. J93S xs. ^9 
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Coifl plana (PerUies^d^aae) Con 
t nued we gl t bearuip ii-i un liiiil.tUe 
arascular cp plmis aod caused flatten 
mg of tlie ucftd and Lroadening of the 
cp phpseal line and ne W 
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Perthes djseasc of hip on the first day of limping— no rad ographic abnormahtv 
{Rg 200) Six weeks later failnro of decakifiealion of epiphysis proinng 
avasculanty (Fig *’01) Figs 202 20 j at four monthlj intervals show gradual 
rcvasculansation of epiphjsis Traction has been continued througlout snl 
there is therefore no crushing or flattcnin" 
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AVASCULAR NECROSIS OP THE HEAD OP THE HUMERUS 

The shoulder joint is dislocated much more commonly than the hip 
jomt but the injurj is the result of relatively trivial violence and the 
capsular damage is more localised Shoulder dislocations are therefore 
seldom comphcated by avascular necrosis of the hone Purthermore fractures 
of the neck of the hmnerus seldom he above all capsular attachment's and 
the blood supply of the head of the humerus is usually preserved 

If there is a fracture dislocation of the joint the blood supply la more 
precarious The head of the humerus is broken from the shift and 
dislocated through i tear m the capsule If every soft part attachment 
IS torn the bone n lU undergo necrosis irhether it is reduced or not In one 
case a tj'pical fracture dislocation of the shoulder was mampulated and 
the reduction appeared to be complete * Post reduction radiographs showed 
that the head of the humerus was actually in the shoulder jomt but it was 
upside doivn so that its fractured surface was m contact with the glenoid 
At that time the sigmficaoce of avascular necrosis was not recognised 
an operation was performed and the head was tilted round mto its proper 
position The reduction was perfect but the loose head underwent complete 
necrosis and disintegration The unnatural mobiht} which allowed the 
fragment to he upside down was suIBcient evidence to prove its complete 
detachment from soft parts Avascular necrosis was therefore inevitable 
and the fragment might just as well have been left upside down Anl^losis 
of the joint m the optimum position of moderate abduction was the best 
possible result In sucli caaes if bon\ fixation does not occur spontaneouslv 
an arthrodesis of the jomt is advisable 


AVASCXHAR NECROSIS OF THE ASTRAGALUS (TALUS) 

Blood supply of the astragalus— The mam blood supply of the astragalus 
enters the neck of the bone There are large foramma on its dortal surface 
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Blood supply of the sstra'^los \cssels enWf the neck on dors*! and ventral 
BOrfaces and also enter the body on t» inner and postenor surfaces 

at the site of attachment of the anterior capsule of the ankle joint 
(Fig 200) Other large vessels enter Us ventral surface from tie inter 
osseous hgament m the sinus tarsi There are nianj smaller vessels entenng 

Wilson Jones Fr» tnrw In the Be^on ef the ‘shooMcr Jo nt Proe for Jlol 191# *Ux 10*0 
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the body of the bone on its jutem*!! surfeee belon t}ie facet for the internal 
maUeolu'3 and posteriorly ■where the cajJsuIe of the ankle joint is attached 
to the trigonum 

Fractures of the neck of the astragalus do not deprne either the Jiead or 
the bod} of their blood supply (Fig 207) Even when this fiacture is 
accompanied by dislocation of the subistragaloid joint so that all \essel» 
entering from the sinus tarsi ire destrojed there mat still be an adequate 
blood supply from the dorsal and posterior vessels to both hahes of tlie 
astragalus But when the fracture is complicated b\ backward dislocation 
of the body of the astragalus all capsular attachments to the bod} of 
the bone aie torn and it is entireh depnveil of blood (Iig 20b) This 




Fracture of the neck of ti e ae docs not nterf rc tl the ItJ o 1 s pj I ft ) 

If the body ofthe astracal s salod located 6wk t( itu Ic^osiecro (Fc 8} 

half of the astragalus undergoes avascular necrosis If the displacement 
is reduced the fracture will unite and m tlie course of time the bod} of the 
bone IS regenerated (Figs 200 213) piotection m plaster must be con 
tinned and tlie resumption of weight bearing deferred for manv months 
in order to prevent crushing of the necrotic bone and degeneration of tl e 
articular cartilage If degenerative arthritis does supervene it is senou'i 
because both ankle and subastragiloid joints are involved Both joints 
must be arthrodesed Arthrodesis of one of these two joints docs not cause 
a very serious disabihtv because function is taken over bv the other and 
surprising!} free mobility remains but if it is necessar} to arthrodese both 
joints the foot is rigid and inelastic Nevertheless despite the rigiditv the 
functional result of double artlirodesi^ n ver} much better than tliat of 
astragalectomy After astragalectom} the foot is prone to dev elop inversion 
deformit} and moreover it is weak and susceptible to strim 

Dislocation of the whole astragalus is a rare injurv which mnv ) e followed 
by the same complication A few soft tissue atfvchments inav remain to 
preserve a sufficient blood supph Fverv effort must therefore be undo to 
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Fio 200 

D slocfttion of the body of the estragalus 



Fio 210 Fig 211 


Immediately after reduction Six irecks after reduction 

Figs SOO-ZIS Fracture neck ol asti^ilds mth dislocation o! the body, avascolar 
necrosis and gradual rewculansatioa 

Fracture dislocation of tbc astragalus with bachnaid dispUrcmcnt and typ cat rotation 
of the body the subastragaloid articular sjrfxcc faces outwards and tlio ankle 
jointsurfacemwardstFig »09) The dislocated fragment was replaced I y mamputalion 
(Fig 210) Six weeks later there ta endenee that the l>o<!y w aiascukr keaDWit 
baa not participate! in the dccalc fieation seen in ncigllio mng bones (Fig 211) 
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Six months sHer reduction 



Immobilisotion in plaster and ^oteetion from weight bearing wa-j rnatinaejJ fi r mans 
month’’ Serial raiiiographs shonwl gradual rpta%alan'<atJoii pro\ed by the deirJop 
went of areas of cleeaJnfication first jji the region of the fracture and then spreading 
gradually backuanls (Fig 2!Z) Tie last area to rcvasculan-e was the sulxhondral 
bone and articular cartilage of the anhle joint Both anVle and subastragaloi I joints 
show some narrowing of thejointsjiaee, indicating thin and unjierfcct articular cartilage 
(Fig 211) {Tit or n nal Srarturl t tloral on tm fMuvt H<llt 1 e trnant J r 
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reduce the dislocation bj simple mampidation If the nnnipulatioii fuU 
it is probable tint an operate e reduction uill damage am les-^ls uhich 
remain and agun the problem is presented of ngidita of both ankle and 
suhastragaJoid joints 


AVASCULAR NECROSIS OP THE CARPAL SCAPHOID BONE 
Blood supply oJ the scaphoid — On the basis of the radiographic esainina 
tion of scaphoid hones after injection of the vessels inth opaque media it 
has been accepted that the arterial supph is from two mam \essels one 
entering the tubercle and one the u aist ^ If tins is correct almost everi 
fracture of the waist and certainii everj fracture of the provimal pole should 
deprive the proximal fragment of tlie scaphoid of its blood \\ e knoiv from 
clinical obsenation that this is not so Failure of decalcification of tlie 
proximal fragment is seen onlj in a pro 
portion of proKiinal pole fractures and in 
a still smaller proportion of u aist fractures 
(Fig 214) 

Examination of a large senes of scaphoid 
bones shows that the vascular foramma 
winch are situated m the ligamentous ridge 
between the two mam articular surfaces 
follow two of distribution * In two 
thirds of the bones the vessels are equalli 
distributed throughout the length of the 
ligamentous ndge (Fig ‘'lo) In the other 
third there are no vessels directly entering 
the proximal half They pierce the cortex 
of the distal half and travel backwards 
in tbe middle of the bone The foramina 
may be entire!) confined to tlie tubercle 
or there maj be a few small or one or 
two large foramma actualla at the vaist 
(Fig 216) These facts explam the 
unequal rote of umon of fractures of 
the tubercle the waist and the proximal 
pole of the scaphoid and furthermore 
they explam the variable incidence 
of arthritis of the vxist after the'ic 
injuries 

Fractures ol the tubercle do not 
interfere with the blood suppU of the 
fragments m either type of bone The 
fracture occurs in a veiy vascular region It should therefore unite rapidh 
and vith certamty We find that this is so Fractures of the tubercle 
alwaj s unite within a few weeks and non union is practieallj unknown 
Fractures oI the proximal pole» on tbe other hand must deprive the 
proximal fragment of its blood if the distribution of vessels is of 
the second but not if it is of tbe first This again coincides 

ir” Jmr JlantanlJi/nt Sufj 19J3 « «** 
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i racture Tva St of seapho d tte prosimal 
fracTnent la completely avascular It Ss 
no less lease than the upper ebsfta of 
tho rad us and ulna whereas the other 
carpal bones are decal fied 
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Most commonly the blood vessels of the scaphoid are distributed throughout the 
length of the bone (Fig lo) In one thira of scapE o ds the blood vessels nil 
enter the distsl half (F ” ‘*lf) 



Fractures 
of the 






Fro 21" 

Uith the first type of blood supply t) ere is no danger of aia'ciiJar necros s from 
any fracture Jt occurs only after dislocation Mith the second type of btocsl 
supply necrosis of one fragment sometimea occurs in «s st fractures and always 
occurs in proximal pole fractures 
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with clinical experience Two thirds of the fractures in this situation 
behave like fractures of the waist and unite promptly if immobiiisation is 
adequate In one third union is extremely slow It maj be necessary 
to continue immobilisation for twelve months or even longer and if 
immobilisation is not prolonged the fracture does not unite 



Fio ^18 


Fracture of acapbo d w (baroscularnecfos a of the pros tasl ball treated 
by early esc s on of the dead fragment There la perfect movement and 
stvco th and complete freedom f om pain 

Fractures of the waist usuallj umte with certaintj after 6i\ or oig! t 
weeks of complete immobilisation In two thirds of the cases the blood 
supph of the fragments is not e\en m danger In the remaining third 
however the supplj is precarious The fracture luaj he proMUial to all 
vessels or it may damage and thrombose the one large arterj whicli enters 
tl e w list L nion will then be slow exactly as in proximal polo fractures 
Fracture dislocation of the scaphoid — If there is not onlj a fracture of 
the waist but also a dislocation of tie proximal fragment there is a still 
greater likelil ood of vascular impairment Whateier the tjpe of blool 
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supply it IS in danger of being cut off bj an actual dislocation Slow union 
IS therefore more common after fracture of the scaphoid nitli dislocation 
of the lunate and half scaphoid tlian it is after simple fracture 

Arthritis of the wrist after scaphoid fracture — We have seen that fractures 
can unite despite an avascular fragment if immobilisation is prolonged 




S laiiai case to F „ ''18 treated by proIonc,ed njmobiIi»at on Dc p te 
firm union the wnst is very at B and painful There is arthnt s mrolr ng 
the wnst and st 11 more th« m d carpal joint 

sometimes for tuehe months to two jears (Figj> 13 38) Sloivness of union 
IS not howeier the only penaltj If the fracture is not immobilised long 
enough for sound union the proximal fragment cannot rova^culanse md 
regenerate Degeneration of the articular cartilage arthritis of the joint 
and severe stiffness must supervene in succeeding ^ears Uiifortumtolj 
c\en when prolonged immobilisation is regarded b\ union of the fracture 
arthritis raaj still occur for the new fibro cartilage is imj erfect It follows 
that in an> case where there is obMOUsU complete loss of blood supph to 
one fragment this fragment should be excised 
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Indzcahon for excision of the scaphoid— If the proximal fragment is 
completely dislocated out of the wrist joint or if in an's fracture after three 
or four weeks there is e\ulence of complete failure of decalcification of the 
proMmal fragment it should be excised Wlien the operation is performed 
without delaj an almost normal mage of niorement and a UTjst joint httle 
short of perfect can be secured (Fig 218) The decision must be made 
within a few w eeks of injur\ Delaied excision of the fragment is worthlc s 
As the months pass b\ the articular cartilage of the radius and of the 
capitate opposite to the necrotic scaphoid fragment undergo secontlan 
attrition and degeneration Excision at this hte stage fiiE to pierent tlie 
arthritis and indeed the trauma of operation ma% even precipitate tl e 
arthritis which it is designed to prevent 

At one time non union of the scaphoid 
was very common and late excision of 
one or both fragments was freqiienth 
performed The work of Bolder^ shoued 
that union could usually be secured 
Excision fell into disfavour There jv no 
doubt however that the operation must 
once more take its place not ns an mdis 
cnminate treatment but as an operation 
mth well defined mdications Like other 
sui^eons I gave up excision for seieril 
xeats and purbued with enthusiasm the 
treatment of immobilisation alone or of 
dnUmg and immobilisation The success 
so far as imion is concerned was un 
doubted In a consecutive senes of 100 
scaphoid fractures there vras bonj union 
m Oo per cent of cases less than one 
month old and m 90 per cent of fractures 
less than one jear old But follow up 
exommation after several vears proves 
that good function depends not simply on bon) union but much more on 
freedom from avascular necrosis Fig 210 shows the extremeh limited 
range of movement m a case where necrosis and arthritis supeneued 
despite firm union of the fracture The result would have been much 
better if the fragment had been excised within a few wed s of mjurj, and 
the wrist not immobilised at all The fragment mu5l foiicier be 
at once and tf both fragmef7ts are not ytmnsl he the dead half ttJnch 

reinoied not (heliiing half t Fig 220 illustrates the liapJiazard mdioations of 
the older technique The wrong half has been removerl and the nccrotie 
bone 13 still inflicting its damage on the joint 
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Avascular necrosis of provimal half of 
scaphoid after fracture of the ua si Tba 
»Tong half of the bone has been mnored 


AVASCULAR NECROSIS OF THE LUNATE BONE 
Blood vessels reach the caipal lunate bone from both posterior and 
anterior ligaments and thev enter through foramina on the dotvil and 


B6Hfr Tlie Tteatn pnt ol Frartnn* Vleniw t®®9 
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palmar interarticular surfaces There ate three types of dislocation of this 
bone, each interfering with the blood supply in varying degree (Fig 221) 
Retrolunar dislocation of capitate (os magnum)— In the first t^^pe the 
capitate is displaced backwards out of the cup of the lunate but the lunate 
itself remains normally attached to the radius by dorsal and palmar 
ligaments The blood supply still reaches the bone almost norraall} and 
whether the dislocation is recent or old it should be reduced Eveellent 
results follow e\ en delaj ed reduction 

Forward dislocation of the lunate — In the second tjpe the doisal 
ligaments of the lunato are torn and the bone is tilted forw ards aw av from 
the radius and capitate The intact anterior ligament carries a reduced 
blood supplj If the dislocated bone is promptlj replaced b\ manipulation 



Fio 2‘>l 

There arc three types of dislocatton of the lunate The blood supply is normal 
in the Srst, reduced in the second and cut off m the tiurcT 


it usualij survi\es and a perfect result with complete freedom from 
arthritis may be expected But if the dislocation is seteral months 
old, and especially if it can be replaced only by open operation, the reduced 
blood supply ib still further impaired An excellent anatomical position 
may be secured but the fimetioml result will be \eia indifferent In a 
senes of twelte old dislocations of the lunate of this Upe which I reduced 
by operation some years ago there is only one perfect result In all tlie 
others wrist movement is restricted and some are completeh stiff 3 Jus 
was despite p<articu]ar care and gentleness in operate e reduction in %iew 
of the recognised dinger of arthntis Dissection of soft parts w is mininii«cd 
and a dorsal exposure was used in order to presene the anterior hgnment 
and the sur%a\ing blood aessels Neaertheless aiascular necrosis caused 
narrowing and arthritis of the mid carpal joint between the Innate and 
capitate and to a less extent of the radio carjial joint Tlie«e cases of old iin 
reduced fonvard dislocation of the lunate arc much better treated bx excision 
Total dislocation of the lunate — In the third t\pe both dor‘^al and 
palmar ligaments are completely ruptured and the bone which is denuded 
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of nil soft part attachments is displaced into the lo\\er forennn AM<5cuIar 
necrosis is inevitable Traction and manipulntion maj succeed in reducmc^ 
the dislocation Heroic methods of metacarpal skeletal traction with pins 
and wires have been described But successful reduction does the patient 
a disservice The X raj appearances are possibh more attractive than 
after excision but the jomt will become stiff pamful and susceptible to 
strain Function is vastl3 superior after early excision Even if the case is 
seen on the first day after injui^ tlie widely displaced lunate uhich is 
ob^ lously deprived of oil its vessels should be excised 

AVASCULAR NECROSIS OF THE EXTERNAL CONDYLE OF THE HUMERUS 
Children sometimes sustain a fracture of the external condole of the 
humerus and the fragment is completeU tilted and rotated away from the 

mam fragment The common 
extensor ongin of muscles and 
the outer capsule of the elbow 
joint remam attached to the loo e 
fragment and are responsible for 
its blood supply (Pig ^ 22 ) If 
the*'© soft tissues are dissected 
from the bone m the cour«e of 
an operative reduction nva'*c\dar 
necrosis will supervene The 
fragment cvmes tiro thirds of the 
articular surface of the humerus 
and verj serious restriction of 
elbow movement remain'* per 
manentlv Ever> attempt must 
be made to reduce these fractures 
bj manipulation If manipulitne 
reduction fads operation slioidd 
be undertaken with caution 
Difficult as it maj be the frag 
ment must not be cleared of 
soft part attachments E\er\ 
muscular or capsular fibre arising 
from it is to be preserved and the reduction must be earned out with the 
utmost gentlene'ss If reduction is successful and the blood supph is not 
impaired the result will be perfect If the blood supply is destroj cd and 
necrosis develops there will be little or no movement below the right angle 
This disastrous result cannot be improved upon bv excision of the fragment 
for lateral instability cubitus valgus deformity and dela3ed ulmr paKj will 
supervene It is therefore unperatire that no effort sliould bo spared in 
preserving the blood suppl3 of the fragment 

AVASCULAR NECROSIS AND OSTEOCHONDRITIS DISSECANS 
An\ mtra articular fracture which completcl3 separates a fragment of 
bone and articular cartilage cau< 5 es necrosis of the detached fragment 
‘^mall fragments of the capitellura ma3 lie detaclied bv the impact of the 
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The displaced external condole of lb« I amems 
lepends for its blood on tl e captsuln and musclra 
attached to it If these are disserted off iluniij; 
operat tc rcdoct on necrosis of the condole and 
sf ffness of the elbow joint superrene 
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head of the radius which itself sustains a mammal fracture The capitellar 
injury is often overlooked but there can be little doubt that avascular 
necrosis of the articular cartilage explains the limited elbow movement so 
common after fractures of the head of the radius Tiiese injuries must be 
regarded with suspicion Good results are possible only if detached and 
loose fragments are removed at once Delayed excision of the radial head 
will not relieve the stiffness of the elbow for the arthritis following necrosis 
of the fragments is then already developed Similarly fragments of the 
articular surfaces of the knee joint may be broken off and undergo necrosis 
The external tuberosity of the tibia is sometimes comminuted by the impact 
of the outer femoral condyle forced into the tuberosity by extreme valgus 
deformity There is a large outer marginal fragment of the tuberositj 
which preserves its soft tissue attachments and its blood supply and several 
smaller completel} loose fragments lying between it and the mam bone 
The cartilage of tliese fragments will necrose and thej should not as a rule 
be elevated to the joint surface It is better to replace the mam marginal 
fragment which is alive and to leave a central crater of depressed dead 
fragments If the fragments are displaced between tlio joint surfaces thej 
should be removed not replaced great core being taken to preserve all 
soft tissue attachments to the margmal fragment of the tuberositj 

In other cases fragments of the femoral condyles become separated and 
necrotic without a clear history of injuiy This is the condition kno^vn as 
osteochondritis dissecans The pathology is undoubtedly that of avascular 
necrosis and it seems certain that there is usually a traumatic factor The 
lesion always occurs in those areas of the knee elbow and ankle jbints 
which are susceptible to trauma and where true fractures of the joint 
surface are often seen But thrombosis of the end arteries winch supply 
these fragments of bone and articular cartilage may perhaps occur from 
other causes One patient within the short period of two j ears de\ eloped 
osteochondritis dissecans in the femoral condj le of one knee the patella of 
the opposite knee the external condyle of one elbow and the head of the 
radius of the other elbow It is difficult to believe that there is not a general 
constitutional factor in such a case 
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VASCULAR INJURIES COMPLICATING WOUNDS 
AND FRACTURES 


An imputation below the knee m most eases uould not kill bv its 
luemorrhage even if left to itself — John Hlntek 

This courageous observation nas made bj Hunter I7o -sears ago ^ after 
studying the contraction of the muscular coat of arteries in response to injury 
Vlien he divided the blood vessels m the thigh of a boar bleedinf» ceised 
before tlie animal weakened After exposure of the posterior tibial 
aider^ of a dug tiic vess e l “ was observed to be so much contracted in a 
short time as almost to prevent the blood from passing through it and 
ulien divided the blood onij oozed out from the orifice Huiitc?4> 
vork vas fhe first r ecogmtion of segment al spas m of arteri es the va'jo 
constriction vluch protects against rapia ana complete exsangumation 
after severe wounds His observations bate been confirmed later clinical 
experience " Nlakins ^ recorded cases m the last -war of large arteries severed 
bj bullets without external haemorrlnge or hajmatoina formation In this 
w ar an airman s foot w as severed at the ankle joint bj the propeller blade of 
an aircraft he was admitted to hospital m excellent condition having 
suffered little loss of blood A commando soldier under training sustained a 
violent hyperextension strain of the knee and complained of tearing pam 
in the popliteal space operate e exploration’slibwed complete rupture of the 
pophteal artery with little more than a teaspoonfu] of blood in surroiuuhng 
tissues Holdsworth^ has reported two cases of axulsion tff the whole 
upper limbs including the clavicle and scapula m which there was no 
arterial bleeding These cases could be multiplied Thej illustiatc the 
fundamental pnnciple that arteries respond to injur} bx traumatic 
arterial spasm ' — — 


THE TYPES OF ARTERIAL INJURY 

Traumatic arterial spasm — Spasm of the muscular coat of an arterv occurs 
not onl} after severance and rupture but also after contusion or eien 
concussion of the vessel Tlie disniptue force of a bullet or shrapnel 
traversing the tissues near an arter} but not actuall} producing a demon 
stiable lesion of the vessel maj cause segmentary spasm ilupevr arlenelle 
or Kroh s arterial spasm as it -was called bx English French * ® and German * 
observers m the last war Kroh described a revolver bullet v\ound m the 
region of the femoral artery which arrested the rircuJation of tJio Jimb at 
operation the artery was found apparentlv undamaged hut contracted to 
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the size of a knitting needle to the surgeons surprise tlie artery 

wis exposed it chitted to norma l size Cohen ^ records a lecenrcase Of a 
penetrating ^ound of the elbow due to a bomb casing splinter \ut2i absent 
radial and ulnar pulses the bracliial arter'^ was so contracted as to bc 
smaller than ad jacenr^en'e comites. al though actual mjur 3 ^^-as limited to 
fi ne stippling oT it s ^a ll simple exposure of the artery and separation froiTT 
its bed of areolar tissue was enough to relieve the spasm 

'’I'raumatic arterial spasm maj also occur when" tiiefS^s no e\temal uound 
The’arterj may be contused by one fragment of a fractured bone and this 
IS nou recognised with increasing frequency as a cause of i schaemic con trac 
t ure and t,angren e The brachial artery la m danger in supracondjlar 
fractures ot the humerus thV radial and ulnar arteiies lu fractures 'bi 
forearm (Figs 224 *^20) the a \itrar 3 aitery in Iractiires ot the ne ck of Hie ' 

luimerus and the pqphteal artery in high oblique fractures ot the tibia 
(p 128) A Molent blow which does not tfacture the bong^nay~muse— • 
traumatic arterial spasm and gangrene as for example in bumper miurie s 
of the knee where the tibial arterj is contused against the heck of the tibula ^ 
Coimterpressure on the popliteal \essels bj the cross bar ot v ' fSGRter s 
traction frame maybe responsible ^ Similarly the sharp pressure of a ridge 
of plaster maj traumatise aU artery as reported by Trueta * m a case wliere 
plaster was applied to an elbow m extension a few moments later an 
assistant w alked m and believing that a mistake had been made proceeded 
to flex the joint befor^ the p last er ha d set ” thus buckling tlio cast in the 
fold of the elbow The circulation was completely arrested and at operation 
tlie braclnal artery was found reduced to one tl jird its normal size Main 
cases are now recorded of the tight application of tourniquets causnig arternl 
sp asm which persists Jong after the tonrmquet bas^e^ rejeas ca 
case the^emoral artery remained puls^ess eigiitecn Jiours after the removal 
of a tourniquet which had been left on the Jimb for six hours ® Exposure 
of the artery showed no h^cmatoma anu no"Jt>f'd 'ij'lerjaWfteerahow hut 
only spasm which was relieved by division of the fascnl roof of Hunters 
can'i) an d mobilisation of the artery EsmarcJi introduced his flat rubber 
tourniquet si\tv fi ve years ago because gangrene had followed the use 
of inelastic ’tourniquets but eveii Esmarcli s tourniquet Is TTOt'^hTTmumr' 
from the danger Vasospasm of the braehnl artery causing gangrene of 
the forearm and hand lias occurred from flie pressure of an LsinarcJi 
rubber tourniquet at the lower axillary margin for only fortv five minutes 
(Fig 246) " ' - 

Spasm of the artery is not liinite<l to tint part of the vessel vihidi 
sustains injury it also involves the mam branches the vessels of the 
collateral circulation and sometimes the trunk of the artery proximal to 
the level of injury Clearly therefore it is more than a local myogenic 
reaction of injured tissue m the wall of an artery ® ’ It is almost certainlv a 
reflex vasoconstriction the afferent impulses arising from the damage<l 
region of the artery passing to the paravertebral plexus and stimulating the 
whole sympathetic nerve supply ofthe affected limb ® Experimentalevidence 
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Arteriograni in iscHsuic contracture 


Artenogranis after injecfin^r perabrodJ in s caso of elirapiiel nounJs without isJCiiJar 
in)ury (Fig 2‘’4) and of iscbieinlo contractive after fractores of both forearm bones (Fig 
2-5) radial artery has been rontosed bj the fracture of the radius and the interosaeous 
artery by the fracture of the ulna tbo idnar artery is intact (B/courf«yo/J/r ISremner- 
n irArt K* » 133 ) 

Tthich usuaU^ follows removal of tlie source of ifferent unpulscs bj resection 
of the injured segment of artcrj ,® and 'uhioh maj follow cutting tlie sj mpi 
thetic reflex arc by piravertebral notocame injection ^ spinal or bracliial 
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plexus aniesthesia, oroperati\esjmpatheetomj ^ A dramatic case illustrating 
these features of traumatic arterial spasm — the minor degree of injury, the 
widespread distribution of spasm and. the favourable response to excision 
uas reported bj Gnffiths ® A boj of seven sustained a supracondjhr 
fracture of the humerus ‘ Before reduction of the fracture the hand and 
forearm w ere normal but immediately after the manipulation they changed 
dramatically becoming suddenly blanched cold, pulseless and ansesthetic 
I explored the arm and found a small h'ematoma no larger than a millet 
seed in the wall of the brachial artery at the site of fracture Despite the 
smaUness of this hsematoma the whole arter\ and its radial and ulnar 
branches were collapsed and pulseless from the insertion of the coraco 
brachialis downwards Tbe collateral vessels were equally collap&ed — the 
anterior ulnar recurrent was the size of a retinal artery Jlobilismg and 
stripping the brachial artery produced no change but after resection of the 
damaged p 9 rtion the arm made a complete recovery Circulation w as fulH 
restored, and there was neither gangrene nor contracture ” 

The underlying purpose of reflex vasospasm is no doubt to protect an 
animal from bleeding to death after severe arterial injury , but for tins 
protection the animal must pay the price of ischtemic contracture or ei en 
gangrene The spasm usually persists for at least twenty four hours, and 
sometimes for three or four days The distal pulse may then return, but it 
IS too late , tlie damage has been done, the muscles are necrosed and despite 
the return of a strong pulse the limb may stiU become gangrenous Treat 
ment is therefore urgent If gra\e comphcations are to be avoided the 
circulation must be restored within six or eight liours Non operatise 
measures may be tried including the intravenous injection of antispnsmodics ® 
paravertebral iiovocame injection of the sympathetic ginglia * or inter- 
ruption, of the vasoconstrictor fibres by brachial plexus block, or spinal 
anaesthesia The most certain and reliable treatment is early exposure of 
the artery, separation from its bed and the removal of surroimdmg areolar 
tissue Hot saline lavage of the wound or massage of the artery may assist 
If spasm still persists, arteriectomy is adv isable, particularly when the w all 
of the artery shows actual bruising 

Traumatic leiious spasm — is to be noted in passing, that vasospa'sm is 
not limited to the artenes but may also involve the veins of <a hmb In 
thrombophlebitis, constriction of the veins occurs in the collateral venous 
network and gives rise to cedema which could not be explained by simple 
occlusion of one vein ^loreover thrombophlebitis also causes artenal spasm, 
w Inch disappears on novocame infiltration of the lumbar sy mpatbetic 

Arterial contusion, thrombosis and embolism — Contusion of an artery 
may obstruct the lumen of the vessel by causing thrombosis at tho site of a 
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crack m the tumca intima The circulation of the limb is often maintained 
by the aid of collateral vessels, but sometimes it is further ohstnicted hi 
distal extension of the thrombus or bj tlie release of an embolus Mhic'h 
impacts at a lover le\el, at the opmung of a large branch, or at a site of 
bifurcation jMoreover, the irritant effect of a thrombus or embolus vithm 
an artery is itself sufficient to induce secondarj arterial spasm and cause 
further embarrassment to the circnlatiou feecondarj aasospasm maa 
indeed be so vudespread as to confuse the clinical signs and create difficult} 
m estabhshmg the level of obstruction For example, in one case, a small 
embolus lodging in the postenor tibial arterj ga\o rise to reflex aa-^ospasiu 
involving both legs, thus resemhJtng the clinical picture of obstruction at the 
bifurcation of the aorta ^ The cumulative effect of thrombosis, embolism and 
reflex vasospasm leading ultimately) to gangrene is illustrated in Pigs 220 
228 a case of un umted fracture of the clavicle vith repeated contusion of 
the subclavian arterj over a penod of four jears Whenever the shoulder 
vas abducted to the right angle the veight of the limb forced the outer 
fragment of the clavicle inwards so that it impaled the artery against the 
first rih After four jears of xasomotor instability vath alternating palloi, 
redness and c} anosis of the hand, gangrene of the index and middle finger* 
developed A cervical preganglionic sjmpathectom} was performed, niul 
ten days later the un umted fracture was bone grafted Pam was relieved, 
the hand became warmer than it had been for jears and progress of tlie 
gangrene was arrested The patient died later of a streptococcal tliroat 
infection Postmortem examination of the subclaMan arterj showed 
roughening of the tumca intimn at the site of bony impact Thrombi formed 
at this level had become detached and impacted as emboli at the bifurcation 
into axiUnrj and profunda branches Both vessels )jad been occluded for 
a long time and were replaced bj solid cords of mature fibrous tissue Ihe 
final circulatory failure was due to vasospasm of the collateral vessels, 
caused by continued contusion of the artery, and reheved by conical 
8^^npathectomy 

The dangers of spreading thrombosis, embolism and reflex aasospasm 
make it clear that the correct treatment of tlirombosis of a contused artery 
is to expose the vessel, hgate it above and below tJie thrombus and eaci'-c 
the thrombosed segment This was recogmsed from the experience of 1914 IS 
One of the rules of the official “ History of the War ” reads ‘ Wlien a largo 
vessel IS exposed in an open woimd and has obviously suffered contusion 
and is thrombosed the vessel should be ligated above and below tlie throm- 
bosed segment and the latter excised ” Experience since the last war shows 
that this rule apphes not only in the case of open wounds but also m closed 
injuries of large vessels wliere contusion by tJie fragments of a fractured 
bone may cause thrombosis 

Rupture and perforation of artenes — Rupture or jicrforation of an arter\ 
may be a primary injury due to the penetration of glass, shell or bomb 
fragments or other foreign bodies dmen into the tissues wath high aelociti 
(Figs 229 232) Ecen when there is no external wound, an artery is some 
times perforated by tlie sharp spicules of a fractured bone Late rupture 
wath secondary luemoirhage is usually due to erosion of the w all of a y e'.«cl 
which is exposed in an infected wound, but this nbo may occur iii clo'-cd 
• L y yiM s rtf Om n/a irf imi u^i» 
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Fig “’!> 
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Arterial contusion causing embolism and vasospasm 


IT umted fracture of clavicIc vulJ rep ate Icontuson of tl c subcliMan nrterv b\ tl outer frapi ent 
eaus ng thrombos s embol stn and vasospasm At tic s te of rm tu on (top of the speoin en| f} ere 
is roughen ng of the tun ca intiina embol detacl ed from th a 8 te 1 ave I locked boti ma n I rai cl e« 
Continued contuson of the penartcnal sjmpatletc nenes cause 1 vasoconMnef on of eollntcral 
\esscls and finally gangrene oft ofingers 
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injuries as the result of simple contusion and necrosis of the damaged Mall 
of tlie vessel If there is an open wound external liajmorrhage causes shock 
or death. , if there is no wound internal h*emorrliage into surrounding tissues 
leads to a pulsating hematoma and traumatic aneurism In the treatment 
of these cases reliance cannot be placed on traumatic arteml spasm for the 
control of hemorrhage It is true that serious bleeding from a completely 
severed artery ceases witlun a few minute even when no ligature lias been 
applied but protective vasospasm may not persist for more fhm twenty 
four hours and the control of luemorrhage then depends upon a recent and 
not very firm thrombus Moreover a tangential wound or perforation winch 
does not completely sever the vessel cannot be sealed by spasm of the 
muscular coat In expemnental cases although bleeding from a severed 
artery ceases wathin a few minutes bleeding from a tangential wound con 
tinues until death of the animal A large bleeding vessel m an open wound 
must therefore be hgatured at the first possible moment Even if the vessel 
IS not actually bleedmg at the time of operation it must be hgatured If 
tile ends of the artery are retracted and out of sight it is stiU essential to 
find them and apply Ligatures 

Secondary hemorrhage — Secondary haemorrhage m infected wounds mu->t 
be controlled by explonng the wound and finding the bleedmg vessel and 
not by ligation of the mam artery at a more proxiraal level Proxnin! 
ligation of the mam artery often fails to control the bleeding it adds the ri«k 
of gangrene of the limb and by reducing the oxygenation of tissues it IoMer«> 
the defence of the wound to infection and particularly anaerobic infection 
The surgeon may be faced with great difficulties H$emorrhage is sometimes 
so brisk that he cannot see the wound fills with blood faster than a dab 
can be withdrawn he is tempted to plunge liamostat forceps into the 
bloodv pool and clamp blindly whatever comes within reach One young 
resident surgical officer far exceeding his duty m attempting the operative 
reduction of a late unreduced dislocation of the shoulder divided a strong 
adhesion Before the bleedmg from a severed axillary artery was con 
trolled he had irrepanbly crushed aU the trunks of the hraclunl plexus 
The solution to the problem of finding the bleeding point m a rapidly filling 
pool of blood IS the use of many gauze packs firmly pressed into the wound 
and left midisturbed for seteral mtnutes The incident recorded in the footnote 
below ^ illustrates the relative ease with which forceps can then be applied 

Dangers of hgahon tn contimniy — Wlien division of an artery is incomplete 
the vessel must not be ligated in continuity Ligatures must be applied above 
and below the level of perforation the injured segment then being excised 
This IS necessary not only to avoid reflex vasospasm hut also to prevent 
subsequent erosion of the vessel wall When a large arterv is ligated iii 
continuity the constant battenng of pulse beat is applied to a fixc<l point 
and late erosion with secondary h'emotrhage is alwavs a danger on t?(c 
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Perforat on of popliteal artery arterial tuematoma and irchasmic contracttire 
Th? popi teal arterj was perforated l»> a d ell fraymeni tl e e ze of a p ahead (zeen m tf p 
iddle of the tbn Fg . Tie ralf was d ffuseh swollen b> a pj]->a!jpg arten.iI 
1 aimatoiia{Fig 231) Tl eingurwl segment of a-teiy was exe se 1 Fig 30 shows the woun J» 
of entry an 1 e\ t Cangrenc as avo Ic 1 b 1 1 chtm c contracture superveneil (Fig 232j 
(ff/ rc>»»f<^5r«!f W S C Anr are y lAJ ) 
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other hand, section of the vessel allows elastic retraction and di‘5semmation 
of the force of the pulse beat 

Simultaneous hgaiion of tetn — The danger of gangrene after ligature of 
the mam arteries of tlie limbs is greatest in tlie case of the common femoral 
and the popliteal arteries The nsk is less when the accompanpiig vcm is 
simultaneouslj ligatured Tins has been confirmed b^ experimental evidence * 
by clinical studies * ® and bj the report in 1917 of the Inter Allied Conference 
of Surgeons m Pans which recommended “that the ligation of a laige 
artery for injury should be accompanied also bj occlusion of the satellite 
vein even although the latter lie uninjured ” The exception to this rule 
applies in the case of the ‘ Henle Coenen phenomenon ” * ^ if after ligation 
and division of an arteri the distal stump is seen to pulsate, it is cle.nr that 
the collateral circulation is alread\ adequate, and simultaneous hgation of 
the accompanying \ em is then unnecessarj' 

Suture of artery — Successful suture of ruptured blood vessels Ins become 
possible since the introduction of heparin b 3 which thrombosis can be con- 
trolled Heparin in saline is injected info the repaired ^esse^ proximal to 
the line of suture and continued after operation bj intravenous infusion for 
four or five dav s ® ® End to end anastomosis is performed witJi fine siJX 
on ejeless needles using a continuous vertical mattress stitch which everts 
and approximates the edges and exposes a mimmum of thread to the lumen 
of the vessel Drjmg of the vessel during suture is prevented bj dropping 
stenlc olue oil into the open ends It must be recognised, however, that the 
suture of ruptured vessels is sfiU on trial Results in the last war were 
disappointing not onlj because no method uas then available for tho control 
of postoperative tlirombosis but because oven when tins danger was 
avoided the soar m the vessel wall subsequently gave way in the majority 
of cases and aneunsms developed necessitating excision of the sac and 
ligation of the v'essels ’ 

Pulsating hsematoma and traumatic aneurism — If a perforated artery 
does not commvimeate with an open wovuid, bleeding into surrounding 
tissues produces an arterial Jwniatoni'i After several weeks or months 
the hreraatoma resolves, pulsation develops and a traumatic aneurimi is 
formed Rupture of an artery is occasionally’ due to simple contusion A 
surgeon who was playing cncket stopped a fast ball m the palm of lus hiiul 
After two hovirs there was tingling, followed by intense pain in tlic dis- 
tnbution of the median nerve The lightest touch on the thumb, index or 
middle fingers or even a breath of air was sufficient to precipitate agonising 
waves of pain The Jiollow of the palm was filled and the front of the wri-t 
tightly swollen Aspiration of 16 cc of blood gave temporary relief, but 
within twenty four hours pirahsis of the mechan nerve was complete 
Operation disclosed ruptuic of the snpcrficiil palmar arch with an artenat 
hajmatoma filling tho space beneath the annular hgainent and infiltrating 
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the lunihneal njuscle belhes Ligation of the vessels and division of the 
annular ligament ga\ e immediate relief from pain but se% eral months elapsed 
before the median paralj sis recoa ered 

Perforation of an arterj also be due to the penetration of a sharp 
spicule of bone Figs 23J 235 shon a comminuted Colles fracture of the 
radius complicated by perforation of the radial artery and a traumatic 



To n Fic ‘>3 


Ttaiunatic aceansm 

Ane r sm of the rat. al artery Ine to pnnctoro of tl e es..c! bj a bone sp culc f om 
a commimited Colles fracture 

aneurism nhich nas first recognised several aieeks after the plaster Ind been 
remoted The femoral arterv is sometimes perforated in the upper thigh 
bj one fragment of a fractured shaft of the femur Tlie circumference of 
the thigh IS increased seteral inches bj a deeph fixed swelling which is 
extremely hard which maj slowh increase m size does not at first pulsate 
and mai almost present the clinical picture of a sircoma of bone After 
several months as tl e 1 a?inatoma undergoes resolution tl e deielopment of 
expansile pulsation and a st-stohe bniit make the diagnosis clear Regular 
measurements of the circumference of tie hmb should be reconled If the 
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hsematoma is not increasing, and there is no threat of isclijcmia or gangrene, 
operation should be deferred long enough to assist the estabhshment of a 
collateral circulation and to reduce the difficulties and danger of operation 
A delaj of two or three months is advisable Whenever possible, the usual 
Hunterian ligation of the artery proximal to the aneurism should be 
supplemented bj distal hgation and excision of the intervening segment 
Before the operation is performed, special care must be taken to exclude 
the possibility of venous as ivell as arterial cominumcation with the.hTma 
toma If a venous communication is overlooked and an arter^o^ enous 
fistula is treated by proximal hgation of the arterj alone the result is^utterii 
disastrous v, 

Arteriovenous ^sfula^-^imultaneous perforation of arter\ "and^ vein 
gives yjse to* an arteriovenous fistula the communication nia\ be direct 
(aneunsmal vanx) or througli an intervening false aneunsm (varicose 
aneurism) The diagnosis is established by the development of a thrill and 
bnnfc which is continuous throughout the cardiac cjcle Continued escape 
of arterial blood into the \eins and right side of the heart calls for a greath 
increased cardiac output in the attempt to maintain normal arterial pressure 
If the fistula is large more than half the circulating blood maj leak back 
into the capacious venous bed Dyspnoea and tachycardia arise on the 
slightest exertion attacks of momentary famtness develop there is an 
increasing pounding ” of the heart slowly developing decompensation due 
to cardiac dilatation and ultimately invahdism and death Occasionalia 
there are local manifestations m the area of venous back pressure , the 
veins max become enormously dilated cedema is almost elephantnsic in 
tj’pe and there is \ ancose eczema and ulceration 

The differential diagnosis between a simple traumatic oneunsm and an 
arteriovenous aneurism is of the greatest importance, because whereas 
proximal ligation of the artery alone may suffice for a simple aneiirimi this 
operation fails to cure an arteriovenous aneurism or to relieve the earthao 
distress and it usually causes gangrene of the limb Blood finds its way 
through the collateral circulation of the ligated artery back to the fistula 
and vein and only to the limb beyond the fistula with even greater difficulty 
than before The distinctixe features of a fistula as compared with an 
aneunsm are (i) the thnJI and bniit are continuous but intensified in 
sxstole in the fistula and occur only in systole m the aneunsm , (n) digital 
closure of the artery proximal to the lesion slows the pulse rate and increx'cs 
the blood pressure in the presence of fistula, but ne^er m the presence of 
simple artenal aneunsm 

Earh operation shortly after injury is needed only when Inimorrlnge 
from the wound continues or when an incressing hsematoma threatens to 
obstnict tlie circulation of the limb The wound is then laid open blood 
clot IS removed debndement is perfonued and both artery and %em arc 
ligated and divided Free drainage is established by leaving the wound 
wjde)% open As a rule tliese aneunsms develop gradually, and several weeks 
elap',e before they are clinically obvious In tliesc circumstances provided 
that cardiac decompensation is not tlireatemng operation should be deferred 
until at least three months after iDjur> This delav assists the development 
of a collateral circulation and makes the operation easier and more safe 
Complete rest in bed for two weeks before operation is advisable digital 
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closure of t} 2 e fisiuja for thirty minutes three to six times i da} maj also 
assist m controlling cardiac decompensation The operation of choice is 
ligation of the arterj and vein ptoximal and distal to the fistula nith 
excision of the fistula ^ 

THE RESULTS OF ARTERIAL INJURY 

The tjpes of arterial injurj^ nhich have been considered include (i) con 
tusion of an arterj causing traumatic aiTei-i-'il spasm — (rr)> contusion of an 
arterj causing th rombosis at the level of injury or embohsiii a mine 
distal level (iii) perJdration or rupture of an artery causing external li-cmor 
rhage (i\ ) p erforation or lupture of iin~ariery' 'nrusing internal hannorrhage 
arterial hsematoma and traumatic aneurism ui UluiiuieiitHw^tula Anj 
of these injuries raaj imperil the circulation of the limb At times a collateral 
circulation is established and recovery is complete on other occasions 
Volkmann a ischTmic contracture supervenes sometimes the limb becomes 
gangrenous Under what circumstances is arterial injurj followed bj 
recoi erj ischcemic contracture or gangrene ^ 

Recovery, ischsemic contracture or gangrene ? — The vascular demands 
of the tissues ot a iimb iue“nol uniform — The ^greatest siisceptibilitj to 
iBOhsemia is shown by sensory and jmiscle nerve en dings Minch lose their 
power of conduction vi thm fifteen or thirty minutes For this reason loss 
of the blood supply of a limh rauses paraiu^is anrl aligstl icsia even when the 
nerves are uninjured The next most susceptible tiss ue is muscle which 
normally has a blood supply more \ igorous than that o fbone s km or l igament 
If isclisemia pereists for six or eight hou rs muscle dies wl^reas shin caiT* 
survive as long as twenlv lour houm JJot onj^ does muscle suffer more 
qmcUy than other tissues but its powers of regeneration are more limited 
Unlike bone where an avascular sequestrum may be revascularised and 
replaced by living bone a mu scle sequestrum can never be replace d b\ living- 
muscle but only by fibrous ti^ue wdiich undergoes contraction The f^te 
of the tissues of a limb after v ascular occlusion depends therefore upon the 
speed With which the circulation is restored either b v-re o peiiing origi nal 
channels or by the development of colla teral channel s and the extent to 
vvlucKIHe relative demands o f tissues Jiave been met in the interval If a 
free and v igorous circulation is established within about six liouis tecov erv 
is complete If the occlusion lasts more than six hours and the collateral 
circulation is not fiillj adequate tissues with the Jiighest vascular demands 
suffer most muscles undergo necrosis and Volkmann s ischemic contractur e 
supervenes If the collateral circulation is totalh inadequate no tissue 
*5Ur vive^nd gangrene results , — 

The collateral circuIation—Tlie adequacy of the collateral circulation 
depends upon three factors (i) the age and constitution of the patient 
(u) the local pressure of extravasated blood of splints and plaster or of 
bodj weight (ill) the degree of reflex vasospasm arising from the damaged 
segment of arter} 

Ape and constitulion — Alaximal vasodilatation of blood vessels is possible 
in the" voimg IratTwith advancing vears much of the resilience of the 
arterial tree is lost The elastieitv of vessels is reduced degeneration and 
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calcification, and by the arfenoselerosis of diabet es, sygMis/or\lcohoh«ni 
Shoc k, collapse and hiemorrhage, bj reducing blood volume'^^ pr^sure, 
ancT causing general circulatory embarrassment, are of great importance* 
The patient’s general condbtion often detenuiiies Jhe onset of gan<Tcne 
after vas cular d amage ^ and blood transfusion for^ ox% een thpram^mm 
be essentia l Vasodilatation should be encouragea- 4\ hot drmks . by the 
application of heat to umnjured limbs (but not to ^ injured l/mbl and 

alcohol Smoking nbich causes powerful vasoconstriction should Tint, be 
p firmitt ed ' 

hocal pressure on collale}aUesse ls~l( the circulation of a limb is in doubt, 
it must not be enclosed in a complete plaster ca&t Swelling of an injured 
limb, continuing after the appbcation of au unpadded plaster, maj obstrrict 
e\ en the normal circulation and cause gangrene When the mam arter\ has 
been damaged and snr^ ival depends upon a collateral circulation, it is still 
more important that e\ ery source of external pressure sbniiM be Tpti^»r«^T 
The l imb ma^ be supported o n a cradle splint , if there is a fracture, light 
t raction ma^ be employed , and a pl aster slab is sometimes necessarj But 
everj encirchng bandage, strapping or plaster cast must be divjded E\en 
the pressure of bodj weight will sometimes obMgrate the field of collateral 
circulation After ligation of the external iha c(or^ominon-fem^ >'al a rtenes, 
survi^ al of the limb depends upon bilateral vesteJs developing mthe^iteal 
legion If the patient lies on Ins back, constant pressure on the buttock 
obstructs t he circulation he should be nursed on his face If an artery is 
injured m a wound which becomes infected, the pressure of mflaramatoTj 
exudates and oedema may obstruct the collateral circ ulation Wide drainage 
of the wound is essential , the deep fascia must be divided freeh m order 
tO "T55nBit lllflamtiimm'\~!jvvelllllg of-lllUSOles vvltlioiu -ri^ gfripfmn ‘ Tin InCfir 
of the wound should be sutiiretj Even exiravasated blood maj cau«e 
sufficient pressure on surrounding tissues to reduce or obstruct the blood 
flow through collaterdi ressel* For this reason gan grene nr rnrs mo? o often 
when arteries are p erforated b> missiles than when the> areH igated bv 
burgeons Statistics oi iyi4 lb- sljowed that sur^c^ iiganon oi ihimib 
Haflan arterj ne^er caused gangrene, whereas perforating wounds of fiic 
subclavian arterj caused gangrene in 9 per cent of cases Gangrene occurred 
in3>percent of popliteal artery woundsandonlj in26percent of popliteal 
arterj ligations 

HeHe.T t-asosmsm — The influence of reflex traumatic arteml spasm on the 
collateral circulation has been discussed in the opening pages of tins chapter 
Injurj to the wall of an arter\-C3r\tliro mhosi8 within the n rten. sets up 
reflex* \ asoconstnction which affects not only the vessel itself but all the 
arteries of the limb including those upon winch the collateral circulation 
depends The x asocoiistrietion must J^rebex ed b) novocaine ii^ction of 
the ganghonated sympathetic chain,''0of the bra chial plexus (^ luinbir 
nenes, am} if this is not successful, by e\posiire and mobilisation of the 
art ery^^ res ection of the injured «iegment . 

“The limb on ice ”® — A limb threatened with isch-Tmia and posable 
gangren^hould not be heated, fortius increases the oxygen demand, hastens 
the onset of gangrene and favours the growth of pithogenio organisms It 
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has been recommended recentlj- that the hmb should actually be fiozen b} 
packing with ice{^<^imraersion m ice water,* because refrigeration inhibits 
bacterial growtIiSmd slows the local metabolism These adiantages are 
offset, however, bj reduced dissocaation of o\jgen from ox\ hfemoglobin 
AYhen it is still hoped that the hmb 11111 survive a middle course is advisable , 
it IS kept cool but not frozen If gangrene has already set m, but for an^ 
reason amputation must be deferred, a tourniquet should be applied and 
refrigeration used Pain rapidly ceases the foul odour disappears and the 
patient’s general condition is improved A frozen hmb can be amputated 
with no other amestlietic refrigeration inhibits tlie nene endings, presents 
pain and minimises shock 


yOLKM ANN’S ISCHEMIC CONTRACTURE 
Until ver\ recently it was heiieven ciiat Volkiiiium’s-iseluenuc contracture 
was the result of -senous obstruction due to tight splints, ba ndag es^orlnlaster 
used in the treatmmt oi elbbi y;^ frhctur^ The^view that the complication 
was almost invanably due to treatment led to the award of large 

sums in damages against medical men who were held responsible The 
theorj of ^enous obstruction was based on the work of Brooks who lignted 
the %eins of the sartonus muscle ^in dogs and of Jepson wh (>-lipnt<>d *1**^ 
femoral \ems** Recent operative experience makes it evident, however 
that tile lesions they produced experimentally were not the lesions we now 
find in human subjects Volkmann* himself, wTiting sixty years ag o, believed 
that the contracture w^ due to ‘ a coDtinuou<rstoppa^ge oi me nrten^ " 
Mood ’_ and this IS now well Wablisli^ It” is Anowii tnat wliereas total ' 
arteri^ occlusion persisting for about twenty four lio urs causes gangziBUO 
occlusion for shorter periods. ^>les s._complete o cclusion causes ischcmie 
c ontractur e It is known that any source of arterial occlusion may bo 
responsible, at any level, in any limb An unduly tight plaster may certninlv 
be the cause, because a tight plaster may obstnict tlie arterial flow , but this 
is far from being the usual cause In the majontv of cases i&chrcmic con- 
tracture IS due to contusion of a n arte ry traumatic arterial s msui ^ thrombosis 
(^riembolism, perforation (^ru pture., trnuinafi c aneurism (^arteriovenous 
nStula, or any arterial injury or sequel of an injury which r^iices the blood 
supply of the muscles of a hmb 

Jlost recorded cases have been in the upper hmb and have involved the 
brachial artery at the level of a supracondylar fracture of the humenis 
Backward displacement of the small fragment stretches the artery across 
the fracture site causing contusion, laceration or complete severance In 
30 per cent of recorded cases the radial or ulnar arteries have been injured 
by fractures of the shafts of one or both forearm bones (Figs 224-22‘>) 
Other fractures of the upper hmb have been responsible in a few cases 
Fig 230 is the arteriogram m a fracture of the neck of the humerus with 
ischsnijc contracture due to injury of the avillary artery In a fracture of 
the clavicle winch I treated in 1930 a short inner fragment was forced directjv 
backwards and lay at right angles to the skin occluding the subclavian artery , 
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the hmb t\as pulseless and cold and altlioiigli the circuhtjon uas iniprored 
by replacement of the clavicnlar fragment ischsmic contracture superVened 
Fractures near the tvnst maj damage the radial artery and produce reflex 
X asospasm invoh mg the » hole length of the x essel throughout the forearm 
and even the brachial artery to the axiUa thus causing isohaimic contracture 
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future neck of bumenis vifb ischaemic coatractore 
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of muscles pioMmal to the le\el of arteml injtin I ha\o knowledge of two 
cases of isch-cmic contracture of the forearm after osteotomies of the lower 
end of the radius for malumtetl Colics fracture In the lower Iimh cases 
have been reported after fracture of the upper sliaft of the tibia fnictcms 
of the neck of the fibula traumatic rupture of the popliteal arten jicrfonition 
of the popliteal arterj (Fig '‘ 3 ’) and embolism of the femoral arten ‘ A 
child aged seieii ^nth bilateral compound fractures of the hlmfts of the 
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femora treated in. an unpadded double piaster spica %\hich -was applied 
^yJthln one hour of injury, developed bilateral ischaimic contracture 
of tile loner limbs the complication m tins ease being due to the tight 
plaster 

Morbid anat omy — J/usdes — The effect of depriving a muscle of blood 
IS lo cause~ifecrosis and the formation of a muscle sequestrum ’ ‘ * 
Exactly as in the case of a bone sequestrum, microscopic examiiTStron sho\\s 
that the general contour is preserved, but the tissue is dead individual 
muscle fibres can be recognised but tliere are no living nuclei either in muscle 
fibres^^in mterfibrillarv tissue (Fig 238) Interfibrillary fibrosis such as 
occurs^ter denervatior^^ infection of a muscle is never seen in ischa?inio 
contracture , the tissue is inactive it is dead Surrounding the necrotic 
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Normal mascl« Muscl« s«tiue5tnna m iscluemic contracture 

Section of mtiecle after ucbatoio contracture showing a typical muscle sequestrum The 
muscle fibres shon norms! contoar but they ate dead there ere no nuclei There is fibre 
blastic cellular activity surrounding the sequestrum but no interfibrillary fibrosH such ns 
occurs in denervated or infected muscle (C» co rteg ©/ If r J If Bnn m tfe p 131) 


areas there is phagocytic and fibroblastic cellular activity Fibrosis 
e\entu all 5 proceeds f rom without inwards and leplat-es the~dcad muscle 
Tvjfli fibrous Tis^e tvhich contracts and shorte ns AVn es — ^The same 
injurj uhicli bruises or tears tlie bracliial artery maj also bruise or 
tear the median, ulnar or musculo spiral nerves Even nJien there is 
no gross damage to nerve trunks, the hmb may be paralysed by isch-emm 
of the nerv e ending s and m severe cases by actual degeneration of the 
nerve trunks ri i^ to ischfem ia * "Many cases of Volkmann’s contrictme 
are therefore associated yvith nerve paralysis When the norye lesion is due 
to ischsemia alone it usually recovers yiontaneously , first in the posterior 
interosseous and lat er in the median andmnar her\es 

Chmeal features of estabbshed contracture (upper limb) — Shortening of 
the forearm muscles causes typical deformity, vath extension or liyper- 
extension contracture of the metacarpo phalangeal joints and flexion 
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contnoture of the mterphalangeal joints ‘ (Fig 230) In mild cases the 
contr'icture ma\ be localised to one or tno fingers The degree of flexion 
of the fingers is increased nhen the wrist is dorsiflexed and diminished when 
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Tyr eaJ deformity in ^olkroanna scl«fnuc contracture (due in th s case to brae al 
artery contus on n a supracondylar fract rc of the humerus) 



A *e>cre case of loJkmanna acb-enuc contracture po tenor i fero«seou« 

inetl a i and ulnar paralys s an I permanent cr ppl ng dr p tp many oporat ens 
and years oftreatn ent 


to tile forearm an d_hand and the wnst is endnaHt dotvtflexod A still 
better method of correction is to support the wri'st in ft splint in a \ cr( slighth 
dor'^iflexed position and appK elastic traction loops to eJicli jiuh\idiial 
finger Treatment must be prolonged iinproatment m (he degree (C 
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contracture ma\ be expected to continue for a t least two ^Ea ^s Residual 
de fonTnt;v may then be treated b\ a muscle slide of the forearm flexom from 
the i nternal epicond^le , b> lengtlienmg the tendons in the lo\\er fmtrmn, 
b;^ shortemng the tor^arm bonesf6r\b\ arthrodesis of the -ftTis t Despite all 
these measures a reall} severe volkmann s contracture causes pemianent 
crippling Mam en gnffe and ajie thumb deformities due to ulnar and 
median panal^sis maj be supenmpbsed'ra flexion contracture due to fibrosis 
of the forearm muscles Fig 241 uliich represents the result of imnr 
operations and }ears~of ~ treatment in a particular!;^ severe case is the best 
possible illustration of the importance of pteventiie treatment 

Early cl inical diagnosis — If disaster is to be avoided the diagnosis must 
be made w itiiiu a j e w lioui a- The one cliuical sign of importance is absence 
of t he radnl pulse The fingers are usually cold slightiv swollen and either 
cvanosed or pale There is sometimes burn 
mg pam in the forearm and hand but the 
onset is often painless Insensitiv it j of the 
fingers and immobility in a sbghtiv flexed 
position arc later signs If there is actual 
flexion contracture the diagnosis has been 
made too late the damage has been do ne 

Preventive treatment — Absence of the radial 
pulse in fractures of tlie elbow or forearm 
must bo regarded watli grave suspicion If 
tjiere is the slightest sign of circulatory 
embarrassment the following steps are of 
immediate urgency — 

1 Give a brachial plexus block an'osthetic 

with 2 per cent novocaine Not 
only IS this a suitable anjesthetic for 
subsequent procedures but it is a 
therapeutic measure which may avert 
the catastrophe 

2 If there is an elbow fracture still un 

reduced reduce it atonce by maiupu 
lation Reduction of the fracture wall often relieve the vascular 
complication (Fig 242) 

3 Exclude the possibility of external pressure bv cutting through the 

whole length of any plaster strapping or bandage which encircle 
the limb It is usually inadvisable to remove the whole plaster, 
but remove at least the front half 

4 If th e elbow is sw olle n and has been immobilised m flexion reduce the 

airgle of flexi^n^n order to prevent pressure m the antecubital 
space If necessary extend the elbow bevond the right angle and 
mamtam im mobility and reduction of the fracture by a jxistr rior 
plaster slab 

1 If despite these precautions the pulse remains absent and circulation h 
obviously impaired do not wait more than an hour or two Exjyise 
the artery at the level of injury CarefulK avoid clamnge to n ll 
hr inches Raise the vessel from its lied dean it of areolar tissue 
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and applj arm saline douches Genth massage the vessel If tlie 
pulse does not return inject papaverine (J gr ) intravenoush If 
the vessel is hnnsed confused or hcerafed applj ligatures above 
aJid belOTv the lesion and resect the injured segment 




Ischsemic contracture m the lower Umh— Injurj to the popliteal and 
femoral arteries usually causes gangrene rather than isch'emic contracture 
(p 127) Nevertheless iseh-cmic contracture does occur in the lover hrab 
and in gunshot uounds ind infected 
fractures vliich have been treated m 
tight plaster this complication is far 
more common than is generallj recog 
nised Artemi injurj is not the oiih 
cause of ischiemia fight plasters can 
not be exonerated In the last two 
jears I have seen mam infected com 
pound fractures of the tibia which Ind 
been treated from an eirlj stage in 
plasters fitting so closel;> that circula 
tion of the toes was impaired I have 
often seen loss of active movement of 
the toes even when there was no nerve 
injurj the toes become flexed and 
contracted the deformity is resistant 
and despite good union of the fracture 
incapacitj is prolonged I firmh 
believe that tlus complication i>> due to 
obstruction of the arterial flow bv a 
tight unpadded plaster causing ischvmic 
contracture of the muscles 

The complication is to ho avoide<l 
bj greater care in the U'^e of the 
unpadded plaster cast andbv the more 
general use of elevation of the limb for 
several dajs or weeks after wounding 
m order that swelling of the limb shall 
- , be muumised An unpadded plaster 

no* '•o ’PPl-ort .mmed.atch 
after wounding after operative reduc 
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Isci £en\ c contracture of the 
common than 
For correct on 

are 1 eld flesed wh le clast ^ 

hinge 1 plaster flap eatends the interphalaneeal Jiqq 3 fmctUie after seOlICStrcctOUlV 
lonts Flex on exerc ses are pract sed against ^ i. 4 i r 

the stance of the elast c band or after anv otlier treatment of an in 

fected wound which will be followcil hi 
reaction In all these cases a thin wool bandage slioiild be smootfilv apj 1 cd 
and the use of a non padded east deferred for «jeveril weeks Hie cirrulatioii 
of tlie toes and the power of active mobilitv must be watched with tare 
At the first sign of pallor ejanosis or immobilitv the plaster must 1 c cut 
throughout its length if necessarv it must be bivahed In late caves 
where flexion contracture of the toes has alreadi developed it should le 
corrected b\ elastic traction (Fig 241) and in severe cases hv nnmjnilatirn 
or teiiotomv 
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GANGRENE DTJE TO FRACTURES 

Unpadded plaster casts — The application of an unpadded plaster cast to a 
fractured limb withm a short time of injurj and before reactionarj suellmg 
has occurred is dangerous Pressure tvithin the rigid cast may become so 
great as to obstruct the arterial flow and cause not only ischaimic contracture 
but even gangrene At this early stage, plasters should be lightly padded 
mth wool bandage the unpadded cast being applied onlj after se\eral 
A\eeks Whether the plaster is padded or unpadded, the circiilatjon of 
fingers and toes must he watched carefully and tested frequently It is not 
enougli to appl} digital pressure and confirm that the aniemic area refills 
uitli blood when pressure is withdrawn , this may be observed even after 
complete circulatory stasis, because some blood remains in the digit Tlio 
surgeon must bo satisfied that the return of blood is brisk, that the digit is 
warm, that it is pink and that it is neither cyanosed nor palhd Unless he 
is satisfied the plaster must be bivalved at once and the front half removed 
If the circulation does not return, and tlie tibial (or radial) pulse cannot be 
felt the diagnosis of arterial injury must be accepted and the necessary 
steps be taken immediately (p 125) 

Contusion of arteries by fracture— The types of arterial injurj which maj- 
result from impact of the fragments of a fractured bone have alreadj been 
discussed they include concussion of the artery with traumatic spasm, 
contusion with spasm, contusion with thrombosis and spasm, embolism 
with spasm and perforation or rupture with hajmatoma, aneurism or arterio* 
venous fistula Of these injuries the most common is simple contusion with 
reflex vasospasm In the upper limb the radial and ulnar arteries may be 
contused bj the forearm bones, the bracliial artery by the lower end of the 
humerus the axillary artery by the neck of the humerus and the &ubcla\ian 
artery by the clavicle The potential collateral circulation m the upper 
limb IS good, and although reflex vasospasm may cause iscluemio 
contracture there is seldom complete and persistent arrest of the circu- 
lation causing gangrene In the lower limb the risk of gangrene is 
tw ice as great ^ The femoral artery is in danger w here it is anchored 
close to the femur by the fibrous arcli of the adductor magnus Still 
greater is the danger of the popliteal artery in the lower part of the 
popliteal space 

Gangrene after high oblniue fracture of the tibia and fibula — The popliteal 
artery at its bifurcation lies close to the tibia and in actual contact with 
the fibula tlie neck of this bone being grooved by the anterior tibial branch 
Tlie % essel is anchored by the fibrous arch of the soleus, and by the passage of 
the anterior tibial branch over the interosscus membrane If there is a 
fracture of the adjacent bones the v’^essei cannot easily escape contusion or 
traction injury The bone injury which is nearly always responsible is a high 
fracture of both leg bones, oblique from before, upwards and backwards , 
tjie mam shaft fragment is displaced iipwanls and backwards and the artery 
18 impaled upon its sharp margin (Tig 244) Of seven fractures which I 
have seen of this tyqie and with this displacement, no less tlian five were 
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compbcated bj gangrene of the foot and leg ^ (Fig 245 ) Tins freqnenc\ 
the more striking when it is recalled that after searching the hterature of'tlie 
world Dodd could find only one case in tnent,\ jears (1914 34) It ma^ be 
that cases -oere not then, recognised or reported* but the greater use of tlie 
unpadded plaster cast m recent years cannot be ignored The collateral 
circulation after injury to the popliteal arterj, at a le^el hehv, the 
anastomoses of the knee, depends upon small and in'significant vessels The 
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Gangrene dae to high ohjiaue tractnre 
of the tibia 

Ffora the pent of ne« of \oscufar 
coapheaiion thins the most il-iogiroas 
of all fractures Five out of wren 
froctures of this ivpe were compticatcd 
by gangrene The main fragment of 
the tibia is displaced upwards an I 
backnards and its sharp upper margin 
stnkes the popliteal arteiy at its bi 
furcation, a le\et where it is anchored 
•nd cannot e«cape Anticipate the 
danger Defer the apphcati >n of 
plaster for three clars If the tibnl 
pulse cannot be felt bfocL (he erm 
pathetic with norwainr rreporc to 
ecpo'jc the arten 


pressure of piaster, €\en if carefuHt applied, maj ttell hinder the dctclop 
ment of so feeble a circulation 

Highfractiue of the «5liafts of tibia and fibula must therefore be recognised 
as a dangerous injur\ Tlie possibibt> of arterial damage must lie anticipated 
and the apphcation of plaster be mtlibeld for several dal's The po'ution of 
the fragments can be controlled, and redisplaceinent presented b 3 skeletal 
traction from a pm in the loner shaft of tlie tibta the hmb being supported 
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in a Thomas splint The tibial pulse and the circulation of the toes must he 
watched mth great care At the first sign of circnhtorj failure a spinal 
aniesthetic should be given (or a paravertebral novocaine injection) and 
the popliteal arterj exposed at its bifurcation bj splittmg the upper fibres 
of the soleus If stnppmg the vessel removing the areolar tissue and injecting 
papaverine do not restore the circulation artcnectomj must be considered 
particularly when tliere is actual bruising or tlirombosis of the \ essel 

In the treatment of other injuries of the leg the surgeon must remember 
tlie susceptibility of the pophteal arten and its branches Contusion of the 
antenor tibial artery against the neck of the fibula 1ms caused gangrene from 
bumpennjunes even when there iras no fractui-e Ifc is obvious therefore 
that the technique of reducing frietures of the tibnl tuberosity by tightly 
encircling the fragments ivith a tourniquet and hammering them with a 
sandbag is to be regarded with gra\e suspicion One case has been recorded 
where this treatment was compbcated by gangrene There must also be 
care m the reduction of tibial shaft fractures bv traction apparatus where 
counterpressnre is applied in the pophteal space 


GANGRENE DUE TO TOURNIQUETS 


More limbs have been lost by the use of tourniquets than ha\ o been sa\ cd 
The correct first aid treatment of h'emorrlmge from a wound is often to 
keep the patient at rest and do no more Alternatively the treatment is to 
maintain pressure over a laige pad applied to the wound itself In te-ichuig 
first aid and ambulance workers this treatment is usually dismissed in a 
few words hours are then devoted to the consideration of pressure points 
and the application of tourniquets It is to be expected therefore and it is 
in fact the case that when an ambulance man sees a wound he at once thinks 
of a tourniquet If a tourmquet is not applied tightly enough the veins are 
obstructed but not the arteries I have vivid recollection of a child who foi 
this reason almost bled to death liaimorrhage from the wound ceased as 
soon as the tourniquet was released the tourniquet had been far more 
perilous than the wound On the other hand if the unfortunate ambulance 
worker applies the tourniquet too tightly he is more than likely to cau‘;e 
gangrene It is not enough to mark the patients forehead with n T and 
remove the tourniquet at intervals because if traumatic arterial sjnsin is 
once induced it continues whether the tourniquet is removed or not Vaso 
spasm ischaemic contracture and gangrene due to the application of tourni 
quets have now been recorded by Esmarch * Walhs * Diicastaing ® GnfTiths ^ 
Trueta ® Barnes and Cohen * The danger arises not only from the length of 
time that the tourmquet is in position but from the force with which it is 
applied Gangrene necessitating amputation of the arm has been due to an 
Esmarch rubber tourniquet removed within forty five minutes (Fig 240) 
The upper limb is certainly more dangerous tlian the lower hnib but in neither 
upper nor low-er limb is there complete safety except with the controlled 
pressure of a pneumatic tourniquet The partly skilled first aid worker 
wlio has been taught to improvise tourniquets from bandage or cord tightenul 
w ith pieces of w ood is a most dangerous person 1 here is danger m apply mg 
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the tourmquet t(^ tightly there is even greater danger ni not ipplniig it 
tightlj enough The only danger -which is remote is that lack of a tourniquet 
uill permit fatal hamorrhage It Im been known for two hundred Nears 
tint completelN severed arteries vsnallj cease bleeding mthin a few minutes 



A nst operat oa ras performed vjlh a flat Csioarcli rubber tourn /juet oa the vpper 
arm it rras remored in forty five nuDUtes Per* tent traumatic artenal «p8sm 
cAu e I gangrene Be rare touriu<]uet$ I seonJy thepne mafelrpe 

(p lOS) It IS not surprising therefore that surgeons m the Spanish tnr 
strongly condemned the use of tourniquets It is not surpnsing tint i Com 
mittee of the British Aledical Research Council recentlj Noted ng'iin&t the 
inclusion of tourniquets in life boat eqiupnient First aid w orkers should u'«e 
local pressure on the wound Surgeons should use pneunntic tourniquets 

IMMERSION FOOT SHELTER FOOT, TRENCH FOOT 
A. pilot enshed m the North Sea For fourteen nnd fourteen nights 
he floated in -N rubber dinglu aNvish wnth the wnncs cold wet beauiiibed 
He had no food and on the eaghtli da> he drank Ins last ration of w ntci He 
could not have survived but for an incredible chance On the twelfth monung 
a NNearN seagull seekuig refuge hoNcred and landed on the edge of tlie 
perilous craft The airman showed restraint he waited and wiien tlje 
bird raised its NNing he clutched and caught it Mitli relish and no nNersioii 
he ate the bird he suci ed its hrainb and enjojed its blood he ate a 
small fish in its belh On the fourteenth night in the moonlight he saw a 
motor torpedo boat He stood on his feet waaed and shouted and was 
taken aboard in great spirit He stood on liis feet but thej Niero gangrenous 
(Fig 2-l<) Five hundred hours continuous exposure to cold and wet had 
caused uiimersion feet ' a penl to which airmen are eY]osrd in ihnglncs 
sailors in life boats soldiers in trenches and bombed ciNihans in dug-outs 
(trench foot ® and shelter foot *) The circulatorN failure is allied to frost 
lute (Fig 348) and is due to arterial spasm induced b^ coll Contnhidon 
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ImmemOQ feet 

F'^posuretocold causes reflex Tascpismanlaowetinicstl rombos softl evessels vnthEanpreno 

of Buperficnl fixsue an I toes T1 w patient a p lot adrift sn a ilingl y for fourteen dajs 
Ho ttaa without water for WTdijs Hjs 1 fe ^ as saierJ b> a aea gull 

(Sec text Treatment suiwrnac 1 by tir Oonimotlorc G Kejne^ an I {hstic eurg enl 
treatment bx Air V AIcTndoc ) 
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factors are damp, venous congestion or tlirombosis which aggniate tijo 
arterial spasm, and e\posnre, hunger or debility nhich lover the general 
circulation The feet become c^anosed and blue In mild cases the circula- 
tion maj recover, hut m more sevctre cases gangrene develops in the toes and 
in the tissues o\ er the heels and malleoh The feet at first looL vorsc than 



Pic 248 

UIceiatioD toUonmg trost-bite 

n hcreM tmmomon foci is due to vasospasm frost kle is <lue to actual 
freezing with the formation of minute er^atals of lee m the sbn i •) 

they are, and if conservatuc treatment is adopted it viU often be foimd tliat 
the gangrene is onlj akin deep and that deeper structures arc still alive 
Persistent vasospasm in severe cases maj cause tlironibosis of the tiLial 
artenes In these patients ©\en if gangrene has been aaoided acuteh painful 
vasoconstnctive attacks maj persist over a penod of months or j ears Leriche 
reports such crises in cases of trench foot, w it h complete relief from pain and 
improvement m the circulation, after resection of tlie tliromboscd vessels ® 


CRUSH SYNDROME— « TRAUMATIC (EDEMA” 


The first accounts in English literature of the czaish sjaidrome « ere pubhsJjed 
in 1941 at a time of intensive bombing, v lien man\ victims v ere buried for hours 
or dajs under fallen masonrv and debris The same clinical condition vas re- 
corded after the Ilessiiia earthquake as “acute pressure necrosis ’’and although 
unrecognised m this country, it must have occurred in mine accidents and 
after other injuries vhere there is sustained crushing of the muscles of a limb 
Clinical features — As a rule there is no fracture exlennl vouitd or 
hamiorrJiage but onJj abrasion of the skin and discomfort on using tlic 
muscles vhich haae been cnished After a latent period which mn> last 
8e\eral hours the blood pressure falls to severe shock leads This is duo to 
plasma loss into the damaged area, and is accompanied hi JjTimoconcentratjon 
(up to IGO per cent Hb) and mdema of the limb Sometimes the circulation 
becomes impaired Arterial pulsation is diminished or caen lost and there 
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are signs of incipient gangrene It seems probable that \\ hen there is circu- 
latory failure it IS due to injurj of artenes sustained at the time that the muscles 
were crushed in the same 'waj tiiat paralysis may occur from simultaneous 
compression of the peripheral ner\es Certainly gangrene is not an essential 
feature of the sjuidrome, and the renal changes described belou occur as a 
direct result of muscle crushing independently of the circulation of the limb, 
and no matter whether the limb at this late stage is amputated or not ^ 
Renal changes — The urinary output is low from the beginning After a 
few dajs the output is progressively diminished and there are signs of renal 
failure There is acidosis and myohfemoglobmuna The blood urea rises 
to 300 or 400 mg per cent and deatli from uKemia occurred in 00 per 
cent of the sixty cases of which we have detailed information ^ Post 
mortem examination shows that the renal failure is due to necrosis of the 
distal convoluted tubules The appearances are similar to those seen in the 
kidiiejs of patients dying from mismatched Mood transfusions, where a 
htemoglobin pigment rendered insoluble by high concentration and an 
acid reaction is precipitated in the tubules (probabl 5 as acid hreraatin) 
In the crush syndrome the pigment is not hiemoglobm but myohoimoglobm, 
and It comes from the dnmag^ muscle of the hmb Mecliamcal obstruction 
of the renal tubules by this pigment together possibly with toxic agents 
also released from the necrotic tissue m the crushed limb accounts for the 
kidney changes and renal failure ' 

Treatment — Renal failure must be guarded against by alkolmisation and 
the administration of fluids An alkaline mixture containing 30 gr sodium 
citrate 15 gr sodium bicarbonate ad 1 oz aqua is given at once if 
possible even before the patient IS released up to a total of 120 gr citrate It 
IS continued thereafter at the rate of 500 gr daily If the patient js not seen 
until a later stage and the urine must bealkahnised rapidly , 3 per cent sodium 
citrate is given intravenously The fluid intake must be at least 3 litres 
daily 

Plasma leakage or shock ” — The leakage of phsnm into the injured area 
must be treated by serum or plasma infusions in the pro shock ” stage (while 
there is hsmoconcentration but before the blood pressure falls see p 20G) 
Local treatment — The injured limb should be elevated The body as a w hole 
may be w armed but the limb should be kept cool The theoretical axiggestwn 
that earlv amputation is advisable finds little support but circulatory failure 
may call for paravertebral novocaine injection or exposure of the artery 

•r 0 Bywatprs Cni<h li Juri-s (with iff ) ISnl MH Jcur 1941 ii 59 
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AUTHOR’S NOTE 

I am Rhd to record ni> indebtedness to Mr S M Cohen oflomlon not onij for the illustration^ ho 
haa allowed me to u«e (Figs 420 2J2 239 240 and 246) but even more for the stimulus of his 
infectious cnthiiHiism m climcal imestigation and postgradusto teaching I am also grateful to 
Professor H J Sedlon and the team at Oxford whose reseirch he has insjuml notahlv Mr N 
Brpmner Highet who entrusted me with original material esen befow ii«bli«hing it himself (tigs 
224 22o and 230) and Mr J VI Barnes who gave me access to his valuable experimental work on 
Ischicmic Contracture (Figs 237 239) In this chiptcr I have rcforml to Mr D II Onffith s 
Huntenan lecture on Volkmanns Ischaimic Contraetvrc, this h a mastorlj contribution which 
I woul 1 commend to everv reader 



CHAPTER VII 


NERVE INJURIES COMPLICATING WOUNDS AND FRACTURES 


Peripheral nerve injuries nereforaierJj cJassified into tno groups — amtonncil 
lesions in which the nene was completelj divided and ‘ plu Biological 
lesions ” m which despite an appearance of anatomical continuity there was 
loss of conduction of the nerve This subdivision was not entirely satis 
factory An anatomical lesion was olearlj recognisable and ah a} s associated 
with Wallenan degeneration in the distal nerve stump, but physiological 
lesions included different types of injury, some with Wallenan degeneration 
and some without It is better to define three groups of nerve injury 
(1) complete division of tho nerve, (2) nene lesion in oontinnitj, and \j) 
transient nerve block Complete division of a nerve causes a break not 
only m the axons but also m tlie supporting stnictitfes, epineunum, peri- 
neurium and endoneurium, and it is the lack of continuity of these structure^ 
which explains the difficulty of spontaneous regeneration ' A lesion in 
continuity due to severe compression or crushing of a nerve again interrupts 
the a\ons and causes Wallenan degeneration, but the supporting structures 
remain m continuity, so that spontaneous recovery is the rule and regenora 
tion occurs with greater speed and accuraev than after complete division 
A transient nerve block due to contusion or ‘ concussion ” of a nerve docs 
not cause Wallenan degeneration , spontaneous recovery occurs more 
qmekly than in any other type of lesion, and normal function is restored 
mthin a week or two These three types of nerve injury can be described 
in the terms of a recent nomenclature as neurotinesis, axonotmesis aiui 
neurapraxi*’ ^ 


TYPES OF NERVE INJURY 

Complete nerve division — neurotmesis — Histological cvnmination of the 
nerv e distal to the lesion shows degeneration of avis cy linders, fragmentation 
and absorption of myelin sheaths and proliferation of tho neuroleinmaf 
cells of Schwann The Schwami cells form columns viliich act as guiding 
tubes for the regenerating axons , at the cut surface of the nerve they grow 
out seeking to reach the proximal stump and to direct the sprouting axons 
across the gap * The nerve proximal to the lesion shows retrograde degenera 
tion for about 1 cm Sprouting of the axons begins after an interial of 
about ten days and new buds then spread out in bcirch of the columns of 
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Schwann cells If no contact is established between central and penpheral 
stumps the two nerve ends become expanded into globular masses. — a large 
central neuroma and a smaller penpheral glioma On the other Jiand if 
contact is established axon buds grow into Schwann cell tubes and the 
nerve fibre regenerates The fimctional result is determined bj the pro 
portion of nerve fibres which regenerate successfully When apposition is 
inaccurate manj central axons fail to find a peripheral tube down which to 
grow spontaneous regeneration is therefore unusual after complete division 
If the nerve ends are sutured in accurate apposition much better function is 
regained, provided that care is taken to avoid deep insertion of sutures whicli 
deflects the growth of axons into irregular wliorls Even when apposition 
is accurate and there is no obstacle at the suture line considerable cnss 
crossing of fibres is inevitable f Central axons grow blindly dow n an\ a\ ailable 
peripheral tube and if the nerve trunk is mixed motor axons maa grow 
down sensory channels and sensory axons down motor channels • The 
functional result is therefore imperfect, particularh for example after 
division of the median and/ sciatic nerves Regeneration m a simple nerve 
which includes onlj sensory fibres shows similar crossing in the inaccuracies 
of localisation which of^en remain permanently In the musculo spiral 
nerve consisting largely of motor fibres the result is rehtiveh good 
Regeneration occurs at a rate variously estimated from J to 4 mm a clay 
It 18 possible to make a reasonably accurate estimate of the time of expect^ 
recovery by measuring the length of nerve involved allowing an aveiago 
rate of 2 mm a clay and adding ten days for crossing t)ie suture line 

Lesion in continuity — axonotmesis — If a nerve is compressed or crushed 
but not so\ ered and tliere is no loss of andtomieal continuity axis cy lindcrs 
undergo Uallerian degeneration as they do after complete division and 
proliferation of Schwann ceils at the level of injury gives rise to a fusiform 
enlargement ( neuroma ’ or neuroghonia ) But tlic gap between 
proximal and distal segments of the nerve is no more than a break m the 
axons Regeneration occurs spontaneously and at a considciablv faster 
rate than aftei complete division llorcovei the general architecture of 
the nerve is pre.,ened at the level of injury and central axons grow into 
appropriate periplieral channels with inmimal crossing of fibres so tliat 
good functional recovery occurs even in mixed nerves 

Transient block — neurapraxia — Simple contusion concussion or tiaction 
mav cause temporary loss of conduction of a nerve wjtJi no actual degencra 
tion of axis cylinders m tlie distal segment The lesion is oRen mconipleto 
Subjective alteration of sensation such as tingling or nui'nbnc'5s may be tlic 
onlv disability Sometimes there is complete motor loss with incomplete 
sensory loss Recovery takes place within a week or two and often occurs 
witli equal rapidity throughout the whole area of distribution 

Treatment o! nerve lesions — Paraly sis due to transient nerv e block recov ers 
spontaneously and no special treatment is needed , paralysis due to a le«iiou 
m continuity usually recovers spontaneously’ and exploration of the nerve 
IS unnecessary , paralysis due to complete divusion seldom recovers spon- 
taneously and suture of the nerve is essential The differcntintioii between 
the«e lesions cannot be established m early days with any certaintv, and 
exploration is sometimes advisable m order to determine the tvpe of injury 
The probabilities can be summarised as follows — 
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1 If there is an open noiind and paraljsis is complete, the nene is 

probably di\ ided and nerve suture is neeessari 

2 If there is an open wound and paralysis is incomplete, the S 3 inptoms 

may be due to a lesion m eontmuitj or transient block iiliich mil 
recover mthout operation, but the 3 nia^ also be due to complete 
division of part of the nerve, which necessitates suture Unless 
recovery is prompt, exploration is advisable 

3 If there is a closed fracture of the tj^pe often associated mth nerve 

concussion contusion or traction {eg, ulnar parahsis in elbow 
injuries) the paralysis is probably due to transient block and no 
operation is necessarj 

4 If there is a dosed fracture of the tjpe often associated with seiem 

nerve contusion or laceration (c g , musculospiral panl^ sis in 
fractures of the humerus or median paraljsis m supracondilar 
fractures) the nerve injurj is probablj' a lesion m continmtj, but 
it may he a complete division and unless there are signs of recovers 
within three or four months exploration is advisable 

The optimum time for exploration of a nerve is determined primarih 
by the importance of avoiding infection The operation must not he per- 
formed until it IS reasonably certain that the wound will heal bj first intention 
Withm limits the interval between the wound and the operation has no 
influence on the time taken for recoverj ” * There is certamlj no harm m 
waiting SIX months but it must be recognised tliat the longer operation is. 
delajed the more serious are the changes m the paraljeed limb ® Jloreover, 
if the interval is greater than eighteen months the chances of successful 
recoaerj are slight ^ 


NERVE INJURIES IN WOUNDS 


Recent wounds — ided nerves should not be sutured at the time of the 
original operation of wound excision The surgeon can seldom he sure tliat 
a wound ivill heal by first intention, and if there is the slightest ri'^k of jii 
fection there can be no justification for nerve suture The primarj operation 
should be concentrated on the task of mimmising infection and securing 
the most rapid possible healing If the uound heaK without infection the 
nerve can be explored wathm two or three weeks, otherwise the none 
suture IS defened until about, two niontlis after liealing is sound If the 
wound is associated with a compound fracture, suture of the nene is further 
delai ed until the fracture is united and neighbouring joints are mobilised 
Exploration o£ nerve and neorolysis — As a rule it is better to use a local 
rather than a general anipstbetic A generous incision is made and the 
nerve is identified above and below the injiirj before ijnj attempt is made 
to trace it through scar tissue at the le\el of injurj If the nerie is found 
to be completelj divided with a well defined proximal neuroma im<f distal 
ghoma there can be one decision on]) *, the nene luiJbs must he c\cj«.cd 
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•ind the nene sutured If however there is inatomica! contlnult^ and a 
fusiform enlargement the decision must be made whether it is a lesion m 
coiitmuit\ not calling for excision and suture or a complete dmsion m 
w Inch proximal and distal bulbs are joined b\ scar tissue into a single fuai 
foiTO spindle If the central part of the expansion is hard dense and almost 



Fio ‘*ii 

Opetat ve suture after complete d vis on of ner^o Tlie nerve bulb u 
excised Gu do sutures are used for orientation and approxmat on 
Tbo finest thread or silk st trbes are inserted through ibe nerve t) eat) 

oartilagiuoua the division is ver\ probablj complete This. ma% be confirmed 
bj electneal stimulation If the lesion is complete a proximal stimulus will 
fail to cause contraction of muscles inner\ated from a lower level a distal 
stimulus will not gue nse to an^ sensation of tingling in the area supplied 
b^ the nerve If the surgeon is in doubt it is better to be satisfied with tJie 
neurolysis already completed than to make the error of excising a regenerating 
neiae The guiding principle should be radical rterio exploration — 
consen atne nerve operation * 

Suture ol nerve — ^The nerve ends must be mobilised with such a degree 
of freedom that after the nerve bulbs have been excised there js easv contact 
without tension It is usually necessan to expose a considenble length of 
nerve to flex the joints above and below and sometimes to gain length hv 
transposing the nerve to a new bed (for example transposing the ulnar nerve 
to the front of the elbow joint) The proximal neuroma and distal glioma 
must be cut back with a safetv razor blade or sharp scalpel until the whole 
area of intraneural scarring has been removed the tvpical faggot like leash 
of nerve fibres being exposed and the nerve sheath showing normal retracta 
bilitv The nerve ends are then correctlv orientated and guide sutures are 
inserted bv which to hold them in accurate apposition hine linen thread 
or fine sill (No 0 Deknatel) are better suture matenals than non chromiciscd 
000 000 catgut The sutures must include the nerve slieath onlv and not be 
placed so deepiv as to disturb the underivmg axis cvlinders Tiicro must b( 
no crowding or compression of the fibres interrupted sutures are tlicrcforo 
better than a continuous stitch Tlie fibres must just touch if there is to 
be am defect at all it should be a slight gap rather tlian a crowding Everv 
fibre must be enclosed within the sheath so that it is m apportion with an 
opposite fibre The repaired nerve is then replaced in a muscular bed free 
from scar tissue The flexed position of the joints bv which apposition of the 
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nerre ends and freedom from tension -was secured must be maintained 
during suture of the uound, and for two or tliree weehs after operation Iiv 
means of a bght plaster cast ’ 

“ Fibnn sature ” of nerves— Suture matenal, no matter how fine or how 
carefully inserted, is a mechanical obstacle which tends to interrupt the line 
of groivtli of budding axons and deflect them from their course A metliod 
lias been devised of holding nerve ends together with a ' glue" of con 
centrated blood plasma, coagulated by the addition of chicLen embrjo 
tissue extract ^ Within about two mmutes of adding the extract, tlie pla< 5 ma 
clots to a jelly Tins liold-i the nerve ends m apposition and allows a\ons 
to bridge the gap with greater accuracy and speed than they can cross a 
scar sutured w ith thread or catgut 

For further details of the treatment of ncr\e injuries m irounds the reader is refirrwl to 
Prof H I Seddons excellent article in Sni^tj of Modern Warfare * The reader should 
also consult -Vids to the luTestigation of Peripheral >,ene Injuries 'ledical Research Council 
W ar ■Memorandum No 7 194“ 11 M Stationery Ofigee 


NERVE INJURIES IN CLOSED FRACTURES AND DISLOCATIONS 

Nerve injuries which complicate fractures and dislocations mav be 
classified chronologically into three groups (!) primary nerve injune-* 
sustained at the time of bone injury by iscliasniis, compression cotituvon, 
traction or laceration of the nerve (2) secondary nerve injuries developing 
after some weeks or mouths as the lesult of fnction or late compresMon , 
(J) delayed nerve injuries developing after many years fiom stretching of 
the nerve bv gradually developing deformity 


1 Fraotores with Primary Nerve Injuries 


Iscbiemic nerve lesions — These have already been con^uJered under 
Volkmann’s iscluemic contiacturc (p 121) Loss of blood supplv for thirty 
nunuteu causes teniporarv paralysis of the senvorv and motor iieue cnihng^ 
Lchiemia for a longer peiiod niiv cause WalJeiian degenei ition but if i** « 
lesion in continuity which recovers spontaneously within a few months 

Compression nerve lesions — Reference has been made to comprL-'^iion 
jnjimes of nerves accompanying crush cedema in airraid victims wliO'C 
limbs are crushed for many hours bj fallen masonrv (crush svndiome, p 132) 
Paralysis may occur even when the inoie serious crush syndrome is avoided 
The extenial popliteal «ciatic, miisrulospiml or ulnar nerves are iisnnlly 
iiiv^olved the nerve being compressed between the adjacent bone anti the 
fallen weight Tlie injury’ is « lesion in contimnty (avonotmesis) and recovery 
IS spontaneous 

Contusion nerve lesions — A nerve may be contused by a thslocntctl or 
fractured bone When the carpal Innate bone is dislocated forwards it is 
forced into the confined space beneath the anterior annular ligament, and 
the median nerve is often injured bv’ the blow * (I’lg 2 lO) Tlie paralysis is 
sometimes incomplete and due to transient block, but even when injury is 
more severe it is a lesion in continuity which recovers fully In about i » 
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per cent of siipracondj lar fractures tlie median or 
iibnr nerves are contused by the loner mai^m of 
the mam fragment of the Immerus * (Fig 251) As 
a nile recoverj is complete within a fe\r weeks 
(neurapraxia) or at the most mthin about three 
months (a\onotmesis) and no treatment is required 
other than reduction of the fracture Occasionally 
however the nerve is completelv severed even in 
closed fractures 

Traction nerve lesions — Traction nerve lesions 
causing transient nerve block are very common 
in fractures and dislocations particularly of the 
elbow joint where the ulnar nerve is involved and 
the shoulder joint where the braUual plevus is 
injured More severe traction injury causing a 
lesion m continnitv (axonotmesis) sometimes occurs 
in shoulder dislocations and in injuries of tlic knee 
which stretch the lateral popliteal nerve Traction 
causing complete division of nerves seldom occurs 
eveept m supraclav icular injuries of the brachial 
plexus 

Ulnar parali/s « — The ulnar nerve is held in the 
post condvlar groove by a roof of fibrous tissue and 



Fig 2o0 

J>i5]ocGtcd lunato bone vrth 
med an ptralysis from con 
tusjon of tJie nerre 


a thin mesentery It is fixed to the forearm bv its mtiscuhr hranclios 


If the elbow joint is forced into cubitus valgus the nerve is stretched 
Valgus deformity of the elbow often occurs as the result of a fall on the 


outstretched hand which may cause avulsion of the epiphvsis of the internal 



epicondvJe outward subluxation or dis 
location of the elbow or a supracondvlnr 
fracture with oiUw ard displacement of tlie 
lower fragment (Figs 2o2 2i0) In the*-c 
injuries all tlie structures on the inner 
side of the joint are stretched and ulnar 
paraivsis is frequent * ’ 

^Jinilarly if the forearm bones are dis 
placed forwards the nerve is stretched 
over the back of the lower end of the 
hiimenis Supracondylar fractures with 
forward displacement and forward dis 
location of the elbow with fracture of the 
olecranon are unusual injuries but when 
thev occur there is a high incidence of 
ulnar paraivsis On the otlier hand if 
there is backward displacement of the 
forearm bones the nerve is displaced 
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liickwarcls from its groove it gams free mobilitj and e'.capes traction 
injury Ulnar palsv does not therefore occur m elbo^ dislocations and 
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Imanes of the elbow with ulnar panlysis due to traction isiniy 
Fig ’oS arufaion of epiphj-sw of inCernal epKond^Je Fjp subluMlwri of 
with inclusion of epicondjlc on inner side Fig io-J outuaril d slocation of ollmw 
Fig ’oj supracondylar fracture with onfuard displacement Fig . 0 supraconfifjr 
fracture \»ith forward displacement 

fractures mth backwiard or with liaekwartl and oiittiard di'splaecniciit 
Like contusion nene injunes these traction injuries arc often mcoiuplcte 
and the lesion is no more than a temporar\ of conductiMtt ‘'ome 
times there is a lesion in eontinuiti (a\onotmesis) mtb spontaneous recoven 
onl^ after si\ or tw eh e months 
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External popliteal paralysis — A similar fraction nene mjurj mij com 
plicate severe varus strains of the knee when the structures on the outer 
side of the joint are tom or stretched The external lateral ligament is 
avulsed vith or 'Without the styloid process of the fibula and sei ere traction 
of the external popliteal nerve may cause paralysis 

Circumflex and other palsies tn shoulder dislocations — In a senes of 571 
shoulder injunes there were 231 dislocations of the joint with 34 nene 
lesions and 340 fractures of the upper end of the humerus w ith no nerve 
lesions ^ The nerve injurj is obviouslj due to traction and the gross dis 
placement of a dislocation is the most dangerous bone mjurj The head of 
the humerus is usuallj dislocated forwards The circumflex nerve and 
the posterior cord of the plexus winding from the back of the axiUa to the 
outer side of the arm are therefore most commonlv involved Lesscommonij 
there is paralysis of the ulnar nerve of the musculo spiral nerve or of the 
other cords of tlie plexus The jvaralj’sis usuallv recovers spontaneously 

The trunks of the hraehial plexus or the nerve roots themselves may be 
stretched or even avulsed by traction mjunes m which the arm is pulled 
awaj from the trunk or the head is forcibly flexed to one side When this 
injury is sustained during delivery of a child and one of the two common 
birth palsies results (Erb Duchetme palsv involving the outer trunk and 
IClumpke palsj involving the inner trunk) the rule that traction nerve 
lesions usuallj recover spontaneously still i olds true On the other hand the 
more violent injuries of adult hfe mav actimllv avulse the nerve roots from 
the cord and the prognosis is then hopeless 

Laceration of nerve — Afedmn nene — "Median nerve paralvsis in supra 
condylar fractures is usually due to simple nene contusion but oeca«rionally 
the injury is more severe and the nerve is severed over the sharp lower 
margm of the mam fragment of the humenis Spontaneous regeneration is 
then more difficult for there is actual loss of continuity of the nerve tnmk 
The surgeon s suspicions may be aroused bv the degree of disphcoment of 
the fracture the sharpness of the proximal fragment the completeness of 
parah’sis and the delay m recoverv In such a ca^e he should not wait for 
more than about tliree months If there is still no sign of recovery the nerve 
should be explored and sutured * 

Mmculospiral nene — The niusculospira) nerve in the middle third of 
the humerus is also vulnerable Tlie nerve liei. in a groove without muscular 
protection and in actual contact with bone All musculospiral nerve lesions 
m fractures of the Immeral shaft must be regarded wath suspicion Altliougli 
the usual injury is a lesion in contmuitv which recovers spontaneouslv within 
tliree or four months division of the nerve must be suspected when there is 
displacement of sharp fragments with complete paralysis which does not 
recover quicklv 


2 Fractures with Secondary Nerve Injuries 


Friction nerve lesions — Passive joint etretching mav cause friefioii 
neuritis of the ulnar nen e watli paralysis due to axonotmesis A fracture or 
dislocation causes roughening of the floor of the post condvJar groove , no 
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complication arises until forcible passive movements are practised , friction 
of the nerve on the roughened bone daj after daj gradiialK sets up a 
secondary traumatic neuntis In other cases the nerve is boiiild down by 
periarticular adhesions, and its norma] mobility is restricted Even a smgk 
forcible flexion movement nnder anscsthesia may then damage the nerve 
and cause paralysis 

Late compression nerve lesions — It is doubtful whether compression of a 
nerve by the callus of a uniting fracture ever causes paralj-sis Such cases 
have been described in the past, but the lesion was probably due to friction 
of the ner\ e er callus as the result of passive stretchuig Late compression 
of a nerve b} scar tissue maj sometimes hinder recoverj from a pnmarj 
ner\e lesion , it is on tins assumption that the operatioii^ of neurolysis has 
been recommended Proof is still lacking, however, that this operation 
has in fact, been responsible for the recovery of nerve lesions which would 
not othenvi&e have recovered 

Late compression by splints, plaster, crutches, tourniguets — The external 
jyopliteal 9ienc lies m a vulnerable situation where it ^^nd5 round tiie nccl^. of 
the fibula A tourmquet should never be apphed at this level because it is 
so liable to cause parahsis The nerve maj be compressed bi splints, pl'ister 
or strapping , even the pressure of a simple bandage or viscopaste dres'sing 
maj cause paralysis Special care must be taken when applying an impaddccl 
plaster cast to protect the nerve by means of a pad of felt Jforeover, the 
upper margin of a beloivknce plaster east should be cut away to a le^el 
below the neck of the fibula in order to prevent friction and compression 
of the ner\e during movement of the knee The mnscvlospiral uene is 
injured m a similar way if a forearm plaster extends no higher than 3 or 
4 in above the elbow When the hmb Jiangs by the side, the upper margin 
of the cast digs into the back of the arm and compresses the nerve against 
the hnmerus If compression and friction continue, paralysis supenencs 
witlim 1 few weeks There ts much greater s&fet} i£ the phster is ctmed 
to a higher le\el, just below the axilla Crutch parahjsts — Inadequate 
padding of axillary crutches may cause musculospiral paraljsis bj com 
pression of the nene in the lower part of the axilla Padding with sorho 
rubber, wool or even an old sliirt wound on the cnitch and seemed intli 
bandage is sufficient to prevent this complication Tonnuquet pom?ysi'» — 
Anv form of rubber or inelastic tourniquet is dangerous in the upper limb 
Apart from the risk of gangrene (p 129), there is a i en Jiigh incidence of 
musculospiral parahsis, and sometinies of median and iilmr paralj'^i'* 
The flat rubber Esmarch tounuqiiet is little safer than otlier tjqics Onl\ 
a pneumatic tourniquet with pressure controlled at 200 mm should be ir'cd 

3 Fractures with Delayed Nerve In;uries 

Late ulnar palsy — Delajed neuntis <arn>ing man} vears after injury occurs 
only m one situation A child sustains a fiacture of the external loiuhlo 
of the humerus If treatment is imperfect the fracture fails to imito and 
an increasing cubitus valgus deformity develops (Figs 2^7 2JS) 'ihcre nnv 
ultimately be 40° or 50° of deformity TJie ulnar nerve is stretched round 
the inner side of the joint The deformity develops so gradiinllj,, and there 
js normally such free mobility of the nerve, that panlvsis seldom occurs 
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until adult life Mhen it is precipitated bj strenuous exercise Since the 
nerve lies behind the elbow it is stretched b\ flexion movement But it is 
already stretclied to its normal limit b> tlie valgus deformitv The furtlier 
stretclung sustained during hard work causes paralvsjs ten or tiventj 3 ears 
after the original bone injury The svmptoras am completeh relieved if the 
nerve is transposed to the front of the joint so tint tension is rehev ed 




Flc 2 jS 

Cubilus r«Igua folioi'isg ooa uoioQ ol external ooadyk fracture in childliood 
Stretching of the ulnar nerrc round the inner side of the joint cau«es delayed 
neuntis and paralysis about ten Tears after the bone injury 

Recurrent dislocation of the ulnar nerve — An injurj to the internal 
epicondjle of the humerus max tear or stretch the fibrous roof of the post 
condylar groove or it maj distort the bone so that the groove is undulv 
shallow The ulnar nerve tlien slips forwards over the cincondjle with each 
flexion movement of the joint and jerks back into its groove when the joint 
xs extencfeci A fncfiona? neitntis due to the cecarrent drstocafron nitj 
cause ulnar parvlvsis developing several jevrs after the initnl injur} 

MEDIAN PARALYSIS 

Etiology — 4. primary neuntis max be due to contusion of the nerve in 
dislocations of the carpal lunate bone and in supmcondjhr fnctnres of tlio 
humerus and sometimes a traction injurv is sustiincd in dislocitions of the 
shoulder The nerve is occisionallv severed at tJie elbow bv supr'icondvhr 
fractures ^ Seeondarv neunti> may bo due to scar tissue compression, 
especially in cases of Volkmanns contracture and ma\ follow passive 
stretching of the elbow 

Clinical features — ^Tliere is loss of sensation m the three and a Inlf 
finger area (Pig 2 >0) Piticnts frequentlv sustain cigarette bums of the 
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an-^bthetic fingers and the loss of sensation of the inde\ finger and tlnnnb 
constitutes a serious disabilitj The thenar eminence is flattened ouin to 
wasting and paralj'sis of the abductor and opponens polhcis and the thumb 
fends to fall fo the side of the hand ( ape thumb deformitj see Tig 241) 
^\hen theneiwe is injured at theelbon there is also parahsis of the pionator 
teres flexor carpi radiah'i flexor pollicis 
longus and part of the flexor digitoniin 
profundus But for the fact that flexion 
of the termmal joint of the thumb is 
impossible the functional loss duo to 
paralysis of these muscles can be masked 
Treatment — Spontaneous recoverx 
nearly alna\s occurs withm a few ueels 
m injuries of the imst and uatlim a feu 
months m injuries of the el! ow and 
shoulder It is usiiall} uniieces«an to 
explore the nerve and the onlv treatment 
needed is electrotherapj of the affected 
muscles with a small splint to hold tl e 
thumb in opposition and prevent stretching of the thenar muscles and an 
ape thumb deformitj Caution is necessarv Jiouever m supracondWar 
fractures of tlie humerus particularly nhen the small distal fragment i 
displaced far backuards Complete division of tlie median nerve ‘sometimes 
accompanies rupture of the brachial arterj msupracondjiar fractures (p PI) 



Area of ansstbes a m complete median 
paralya s 


TJLNAR PARALYSIS 

Etiology — Linar paraljsis seldom complicates injuries of the shoulder 
or MTist but traction lesions are common m injunes of the ell on 
It maj occur in amlsiou of the internal eplcond^^e subhixation tf 
the elbow «ith inclusion of the epicondjJe oituard dislocation of 
the elbow supracondjlar fracture with 
cond\lar fracture mth foruard displace 
ment and in foruard dislocation uith 
fracture of the olecranon (Figs 2o2 ‘’oG) 

Complete division of the nerve is prac 
ticallj unknoun but sex ere stretching 
IS possible and it inaj even be caught 
betu een the articular surfaces of the 
cibou on Its iimer side together with 
the displaced epicondiJe Secondary neu 
ntis may follou passixe stretching or 
manipulation of the joint Dela\ed 
neuritis, occurs in external condyle fnc 
tures and in recurrent dislocation of 

tlie nerve . 

Clinical features — In a complete lesion tl ere i** niia; tliesia of tie 
one and a half finger area (Fig ‘*60) and parahMS of the iiitorosccus 
muscles the flexor brevis polhcis and adductors of tie thumb 
of the mterossei which normally flex the metacnrpo phalangeal j ints 


outu ard displacement supri 
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and extend tlie interphalangeal joints causes the fcj'pical claw hand 
(Fig 241) 

Very often the lesion is incomplete Jn mild cases of traumatic neuritis 
there is no more than tingling on 
the inner side of the palm There 
maj be a locahsed patch of anas 
thesia or slight wasting or weak 
ness of the intrinsic muscles of 
the hand (Fig 261) The classical 
test for muscle paresis is to estimate 
the power of gripping a sheet of 
paper between the sides of the 
fingers Tlus pon er is diificult to 
assess and the test is unreliable 
It is better to ask the patient to 
grip a piece of wood or cardboard 
with the two thumbs and trj to 
hold them flat (Fig 262) The 
least trace of weakness of the 
adduct or polhcis and short muscles 
inserted into the proximil phalanx 
18 at once obwious thej are over 
powered bj the long flexor inserted into the terminal phalanx, and the 
jiatient cannot prevent the interphalangeal joint from flexing (Fronient’s 
sign) 

Treatment — Expectant treatment is usually successful and Tcco^er} niaj 
be expected within six or twelve months Electrical and massage treatment 
and active exercises are practised Clawing and contracture of the fingers 
should be presented bj gentle stretching carried out b> the patient himself 
Passiao stretching forcible mocments and manipulation of the elbow 
must be a%oided If after epicondjhr and suprncondjlar fractures tlicre is 

irrcgiilarit} and distortion of the 
post condylar groo^e, anterior 
transposition of the ner\e mn;^ he 
advisable ^ This is also uecessarj 
jn delayed ulnar palsy due to 
cubitus aalgus and m recurrent 
dislocation of the neiae 

Anterior transposition of the 
ulnar nerve — It is most con\ enient 
to lay the patient face down witli 
Fic 26’ the shoulder abducted and inter 

Incomplete ulnar paralysis Tlie patrent cannot Uallj rotated and the clbow flexed 
keep h» thumb flat, owing to weakness of the tO tllC right angle The nort C IS 
short thumb niUAcles and unbaJanceJ Rctjon of the niit tn tlir* lowpf "> in nf 

Jong flexor (Fjonunte sign) Tbi» is the most wsseciea OUl m Uie lOW er - in 01 

rciial le tew for ulmr p'lre'is tlic ami aiicl the Upper — in of 

the forearm The branch to the 
elbow joint is di\ided but musculai branches* are preserved The deep 
fascia and the superficial fibres of the muscle over tiie front of the inner 

• riitt Til OperathcTiritii ciitorTraon atlcHnirXcoiltkatllwCltKiw s rf Cyn jl'U 
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Incomplete ulnar parab au Xote the sbght wasting 
of the first dorsal interosseous muscle of the left 
hand 
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Aat«nor tnospos ( on of ntoar nervr 

coudjie of tlie iiumems are divided sufficiently to bury the nerve Ihe 
internal intermuscular septum is divided nhere it is> crossed bi the nerve 
111 Its new trick (Fig 2G3) The aponeurosis of the fievor muscles is then 
lightly sutured over the nerve and the wound is closed ^ 

BXUSCULO-SPIRAL PARALYSIS 

Etiology — The posterior interosseous nene usually escnjies in fractures 
of the neck and head of the radius but the musculo spiral trunk niai he 
injured in supracondvlar fractures fractures of the shaft of the hunicnis 
and m dislocations of the shoulder The pressure of inadequately padded 
crutches may cause transitory parilx'sis 

Chmcal features — There is complete wrist drop due to paralysis of the 
evtensors of the wrist thumb and inetacarpo phalangeal joints of the 
fingers Tlie interphalangeal jomts <nn still he evtended b\ the interos'^eous 
and lumhncal muscles Tlie tnceps muscle escapes for tlie brandies w Inch 
suppU this muscle an^e in the axilH The sensory loss is unimportant and 
IS confined to a small area on the radial side of the dorsum of the liand 

Treatment — The prognosis is very good indeed Simple lesions duo to 
contusion always recover, and even when the ner\e is completely sc'crci! 
and IS sutured permanent paralysis is exceptional In some cases of I adli 
infected compound fracture of the luunenis where nerie suture has had (o 
be delayed for six or twelve months and where at operation the none 
trunk was found reduced to a miserable strand suture Ins Iicen rcwanltd 
by complete ^eco^ery (Iig 264) An attempt should aI^^a^a ho made 

J P Lcarno th T«1 mine for Tf* isrt* ting llnar \me " s r? Cyn OM 1 1* Iw' t*"— 
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however difficult the operation maj be Stretching of the paral\ sed muscles 
should be pre\ented by supporting the wnst in moderate dorsifle\ion on a 
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Injected compound fraclure shaft of humerus with musculo spiral palsy The 
soTcred nerse was sutured mne months aflermjurj Recovery is almost perfect 


short cock up Splint or plaster enst A special splint maj be u^^cd nith 
ehstic strips on the backs of the fingers to assist evtensioii movement * 

a /«?? length coct wp splint 
or piaster uhxch t?rtmo6i?is&s the 
fingers tii extension should iieter 
I e used Such i splmt often 
causes permanent stiffness of 
the fingers and this is a much 
A\OTse disabihta than perma 
nent paralysis paralysis can 
be treated successfully by 
muscle transphntation uhere 
as no treatment uill cure the 
crippling of permanent finger 
stiffness 

For the \ery few cases of 
irreparable ner\e injury in 
winch paralysis is permanent 
an eveellent tendon trans 
plantation is a\ailable The 
pronator ratbi teres is stitched 
to the adjacent radnl extensor 
tendons of tlie wrist the flexor 
carpi iilnaris is passed sub 
cutaneously round the ulna and 
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Result of lendoa Iransplaatatioa for irrccoicrablo 
musculo spnl paralvsis ui compound fractuto of the 
humerus The juunator teres flexor carpi rad -il s and 
flexor carpi ulnans arc iranspj&nled to the rxiensora of 
the wnst thumb and fingers 


stitched to the extensor tendons of the fingers and the flexor carpi radniis. 
IS passed round the radius and stitched to the three extensor tendons of the 
thumb \ ery ‘^atisfactorj function is restored (I igs 2G>2(G) 
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CIRCUMFLEX PARALYSIS 

Etiology— The circumfiev is the nerve most coinraonlj injured in disloca 
tions of the shoulder The proximity of the nerve to the neck of the humenis 
Its hm^ited mobility and its course from the back of the aiiUa to the outer 
side of the humerus explain its vulnerability Rather more than 5 per cent 
of shoulder dislocations are comphcated by circumflex pals} 

Clinical features — The area of sensory loss is unimportant but there is 
complete paralysis of the deltoid This can he tested on the first da} of 
injury ovithout actually moving the shoulder hy palpatmg the muscle vath 
the fingers of one hand and asking the patient to attempt gentle abduction 
against the resistance of the other hand winch is placed o\er the elbow 
Circumflex nerve lesions are to he distingmslied from injuries to the postenor 
cord of the plexus (where there are the clinical features of combined 
circumflex and musculo spiral paralysis) and from mjunes to the outer trunk 
of the plexus (paralysis of deltoid and of biceps) 

Treatment — Stretching of the deltoid must be prevented b} supporting 
the hrah m an abduction frame If this is applied withm a few days of injuri , 
great care niu&t be taken to prevent redislocation b} bandaging the frame 
securely to the shoulder and trunk Some surgeons defer the application of 
the frame for three or four weeks TJie splmt is worn day and mght and the 
arm is never lowered below the nght angle until recoTerj" is sufficient to 
enable the patient to raise the limb actively off the frame 

Recover} is usually complete m from two to si\ months During a 
live}ear period I observed 15 cases of circumflex pals} in dislocations 
of the shoulder, of which 10 recovered withm six months 3 witlim twelve 
months and 2 were permanently paral}sed ^ 


SCIATIC PARALYSIS 

The sciatic nerve is sometimes injured m posterior dislocations of the 
hip and rarely in fractures of the pelvis IVactioii injuries ma} be snsfnine<l 
dunng attempts at manipulative reduction of hip dislocations The lesion 
13 usually incomplete and the external pophteal fibres are cluefi% miohed 
In a complete lesion there is paralysis of all muscles below the knee and 
amesthesia below tlie Imee except in the area supphed hy the long saphenous 
nerve on the inner side of the leg Trophic lesions and traumatic ulccnitioii 
of the foot ma} occur The prognosis after complete sciatic palsj is gn\e 
but incomplete lesions due to contusion usnalh recover 


LATERAL POPLITEAL PARALYSIS 

Etiology — ^The nerve ma} be stretched m nipturc of the external lateral 
ligament avulsion of the st}Ioid process of the fibula and dislocation of tlie 
knee ^ * Secondar} lesions arise from compression of the neric against the 
neck of the fibula 

CUmcal features — There is parahsis of the anterior tibial and peroneal 
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muscles and aniesthesia of the outer aspect of the leg and dorsum of the 
foot 

Treatment — Mild contusion and compression injuries reco\er spon 
taneously within a few months Stretching of the paralj sed muscles must be 
presented by a plaster cast with the foot fail} dorsiUexed and m slight 
eversion After weight bearing is resumed an iron with a drop foot stop 
should be worn until recoverj is complete The rare traction injuries are 
more serious Earlj exploration is advisable since recovery after delajed 
suture IS exceptional 
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CLINICAL AND RADIOGRAPHIC DIAGNOSIS OF 
FRACTURES 

CLINICAL DUGNOSIS 

In many tone and ^ojnt injuries the eljmcal feitures are obnoiis 
Simple inspection reveals the classical signs of local snelluig ecebv 
mosis, deformitj and mabilitj to use the limb >,o attempt must be 
made to elicit the other classical sign — crepitus due to gmtmg of the 
fragments on each other Manipulation for the purjc«e of dngijo«is ib 
uniiecessarj It causes unnecessary piin and it mat be rc«pon'‘ibIe for 
damage to tlie blood vessels or nerves Even n’lien there are no obviou* 
signSj an adequate diagnosis can be usually made on inspection and 
palpation alone Thtre ts no necesstty to inoie the limb at all The position 
and contour must be compared nith the normal limb Mhen an elderlj 
patient falls and injures the hip, slight eitemal rotation deformity is 
sufficient to make a provisional iagnosis of fracture of the femoral neck 
even in the absence of other clinical signs Flattening of the contour of tlie 
shoulder may disclose a dislocation of the jomt shght prommcnce of the 
lower end of the ulna shows a fracture of the radius and so on 

Localised bone tenderness— The one sign vhioh requires emphan*, Icoau'tc 
it IS sometimes ignored, is persistent local tenderness over one part of the 
bone In many impacted fractures crack fractures and greenstick fractures, 
this may be the only filmiPitT «agii If there is localised bone tenderness a 
fracture must be assumed until it is disproved by radiographic ciammation 
Fractures of the carpal scaphoid bone are often overlooked, and prolonged 
or even permanent disability caused, by attributing tenderness o\ er the radnl 
side of the wnst to a simple sprain Reputations have been ruined by 
attempting to differentiate with certainty between a sprain and a fracture 
of the ankle without the aid of radiography' 

Diagnosis of injury to soft parts — Mhen it is established that there is 
a fracture, an equally important part of the chmcal examination still 
remains The hmb must be exaniuied for injury to the iec«eJs and nencs 
In fractures of the spine a careful neurological examination is es<cbtial, 
and m thoracic and pelvic mjunes visceral damage must be excluded 

RiU}IOGRAFHIC DIAGNOSIS 

No attempt should be made to reduce the displacement until good 
X ray films are available Contrary to a curious belief, this rule apphe* 
just as forcibly to dislocations as to fractures I have seen not one but 
190 
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The patient whose radiograplis are shoivn 
below in Fig 268 has sustained a backward 
dislocation of tlie ankle with a fracture of the 
posterior articular margin of the tibia The 
lower end of tlie fibula is displaced back 
with the astragalus There must almost cer 
tamlj he a fracture of the fibula at the 
junction of the displaced lower sliaft with the 
undisplaced upper shaft 
Although half of the fibula is mcluded 
in these radiographs there is no evidence of 
fracture Further radiographs must be tal en 
to include the whole length of the fibiih 


Hatse flap fo see Fig ^67 
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Radiographs of the anWlo joint (Fig 268) show a backward dislocation and a 
postenormarginalfracture of the tibia bnt no fraotun: of the fibula This dis 
placement comd not arise without » fiactmo of tl e fibula Tho upper half 
of the fibula must be X laycd (t g 267} 
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many ftactaes of the neck of the hmnetus n-hich have been t™ted in 
aU directions under the impression that the mjurv was a dislocation Even 
the most expert surgeon may be unaware that an elbow dislocation is 
comphoated by avulsion of the internal epicondyie, and that there is danger 
of inclusion of the fragment within the joint Radiography does more 
than conhrm the diagnosis and warn the surgeon of difficulties , it mdicales 
the exact type of mampulation and the degree and direction of force 
which IS necessary to reduce the displacement The film should be m fuU 
vieTi throughout the manipulation 

Elements of rafliographic diagnosis—Screemng is unreliable and films of 
the best quality must always be taken No diagnosis should be attem pted 



Is this a simple fncture 
of the ulna ^Fjg 260) ? 
Is there an\ other injury 
to the foreirni * The 
situation of the fncture 
«bou]d itself make the 
surgeon suspect the prob 
abililj of an awoemteil 
dislocation of the head 
of the radius But ting 
I osis must be basetl on 
ondenc^ not suspicion 
Hie nearest joint should 
hare been mrlnded in 
the film 


hg SiO 


unless there is good contrast between bone and soft tissues, ludess the 
injured region is ui the middle of the film so that the whole of the suspected 
area is covered and unless at least two views m planes at right angles to 
each other are available It is better to have no X ray at all than to relv 
on one film (Tigs 271 274) A fracture maj lie obliquely acrO'>5 the bone *=0 
that the radiographic shadows of the fragments overlap and mask the injiin 
and the displacement which is quite evident m other phnes Radiographs 
of fractures of long bones must always include the joint abo\e or below the 
injurj (Figs 269 270) A short film which covers onl} the shaft is tisimJl) 
worthless bec'ime it ma} he impossible to knon the direction of disphcemcnt 
Furthermore in injuries of the forearm and of the leg, a fracture of the shaft. 
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Flo 271 


The injury appears trivial The 
a] ght splintenng of the malieoLi 
looks to H un mportant It ivoutd 
appear that no bmc al treatment is 
needed 



Fig *>73 


The antero postenor rad ograpli s ggeats 
that if there has been any fracture of tho 
neck of the femur at all, t s apneted a 
perfect poe t on The surgeon respons bio 
for th a case d d not be! eve from thw evi 
dencolhatsnyspec al treatment wasneoded. 


A patient Ins sustained 
an injury to the nnkJe 
JO nt Tl e niitero pos 
ter or rad ograph seen 
in Fig 271 shows tert 
slight splintermg of tl e 
inalleoli b it no evidence 
of complete fracture of 
dislocation or of anj 
d splacement Can this 
evidence be accepted * 
Is the mjurj as trivial 
IS It appears to be ^ 


Jia ee jlaj fosrc Ftg "*72 


j \ An elderlv patient st im 
I bled an 1 complained of 
pam m tl o Ji p Tl ere 
vas no definite pljsical 
sign of injury but the 
paCienfi v tth ti e frmfi 
in external rotation Tic 
routine antero posterior 
rad ograpl is seen in 
Fig 273 Can it bo 
accepted tl at there u 
no serious injury to tl e 
hip ^ 


Jiatse jlap to gee fig 2 J 


154 THE PRINCIPLES OP FRACTURE TREATHENT 

of one bone ma\ be accompanied h\ anmjuri to the other bone at an enfirelv 
different level If there is a fracture of the shaft of the tibia ith o^ emdmjr 
and no eMdence in the film of injurj to the fibula the uhole length of the 
hbula must be radiographed There is probably a fracture of the neck of the 
bone A backward dislocation of the ankle mai be acconipinied hr a 
fracture of the upper third of the shaft of the fibula (Figs 267 2GS) A 
fracture of the shaft of the ulna is sometimes associated with a dislocation 
of the head of the radius (Figs 269 270) or a fracture of the shaft of the 
ndius uith a dislocation of the infenor radio ulnar joint 

SPECIAL RADIOGRAPHIC EXAMINATIONS 
Three types of special radiographic examination are important in 
diagnosis (a) radiographs m three planes or m four planes [b) repeated 
radiographic examination after an interval (c) radiographs in different 
positions of the joint and m the position of deformitj 

Radiographs in three planes — ^It has been generallj assumed that if radio 
graphs are taken in tno planes at right angles to each other no bone injtirj 


I Antero poster or dud lateral radio«aphs ebow no A three quarter obUque new 
endenee of a fracture of the carpal scapho d bone elearlr shows a frarture of the 
but these news do not esclude such an injury tubercle of the scnrlzc/al 

or displacement can escape notice This is erroneous A fracture mat ho 
in 1 plane of such obliqintv that the slndows of the fragments otorhp 
accuratelv in both the classical positions The injurj is disclosed onh 
when a film is taken in the obhque a^is This ver\ often applies to ftaetures 
of the carpal scaphoid bone (Figs 27o2i7) Fractures of the vaist of the 
scaphoid and of the tubercle of the scaphoid maa be masked in strict 
anteroposterior and lateral views eien if tJie radiographs arc cxnintncd 
stereoscopicallj Furthermore a fracture of the vaist of the scajlioid 
vhicli has been iminobihsed maa appear to he united vhen exuinncd onh 
in antero posterior and lateral aiews and jet an obhque Me« shows tint 
union IS unsound It should be a routine practice in rachogrnpln of the 
scaphoid bone to take at least three news 

Alarginal chip fractures of the back of the lower end of the radius ma\ 
involve the groove for the extensor pollicis longus tendon if the wnsf is 
not immobilised the tendon gradually wears and frajs o\er the sharp tdgea 
of the fractured bone until it undergoes complete spontaneous rupture , 
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if it IS immobilised in plaster the complication is iisuallj avoided Radio 
grapiuc diagnosis is therefore most important and } et tlie injiirj is seldom 
seen in either antero posterior or lateral vieirs If tlie injurj is suspected 
by the clinical sign of tenderness on pressure over the bone and routine 
radiographs fail to shoiv it other \ieus should be taken in the tvo oblique 
planes (Chapter XX\ 1} 

Fractures of the lateral malleolus may not be visible in the antero 
posterior radiograph and in the lateral plane the shadow is overlapped bj 
that of the tibia radiographic evidence of earlj union cannot be secured 
by either of these views A third film should he taken m the oblique axis 

Repeated radiographic exammation alter an interval — If a radiograph 
fails to show etidence of a fracture which is suspected stronglj on clinical 
grounds the examination should be repeated after two or tl ree weeks If 
there is a fracture inoi’enient of the fragments during the interval causes 
traumatic hypernemic decalcification so that the inconspicuous crack 
becomes an obMous fracture This is particularly important in suspected 
fractures of the carpal scaphoid bone w'here the crack may be so fine tl at 


A patient sustained a w nst i 

I injury and tl e clinical 

features suggested a fnc 
) ture of the scaphoid Fig 

278 13 the antero posterior 
rad ograpl lateral and 
j oblique views showed no j 

abnormality Is there a 
fracture of the scaphoid ^ 

Can a fracture be excluded 
on this radiographic evi 
I dence ^ t 
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even good films do not demonstrate it (Figs 2''8 279 and Chapter WVT) 
Similarly in suspected march fractures of the metatarsal bones radiographs 
taken wathin a day or two of the onset of snnptoms often fill to show the 
fracture whereas after two or three weeks the line of fracture is obvious 
and there is also subperiosteal callus formation The same procedure of 
repeated examination after an interval js often of laJue when the surgeon 
IS not certain whether union of a fracture is sufficiently firm to discontinue 
immobilisation watli safety (see p 161) 

Slight crush fractures of a vertebral body may undergo spontaneous 
reduction by alteration in the posture of the patient Tl o injur\ is produced 
by flexion of the spine if the spine is then fulh extended the displacement 
IS sometimes reduced so perfectli that no radiographic evidence remains 
Unless the spine is immobihseel m extension the damaged icrtebm will 
sIowl\ collapse and be compressed by weight bearing strain A second 
radiographic examination ten to fourteen dais after the first will si ow the 
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There is no definite radiographic evidenco 
of any fracture of the scapho d bone 
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first stages of this recmrent nedgmg and confirm the diagnosis nhicii could 
not be establisued by the onginal examination 

Radiographs in different positions of the joint— Certain bone and joint 
injuries are concealed in routme radiographs and disclosed onl^ nhen radio 
graphs are taken mth the joint in a position of strain 

Sprains and subluzattons of Ihe ankle joint — For nian\ years it was 
believed that dislocation of the ankle joint unaccorapamed b\ fracture uus 
exceedingly rare It uas also believed that sprain of the ankle joint uus a 
minor injury which could be treated safelj strapping support and earli 
mobilisation this view being held despite the conviction of man\ patients 
that a sprain V as more senous than a fracture Actuallj dislocation of the 
ankle joint occurs frequently but the displacement is momentary and it 
undeigoes spontaneous reduction the clmical signs then suggest a simple 
sprain and radiographs show no evidence of bone or joint injury (Fig 
Only radiographs taken with the foot held in the fully inverted position 
show tiltmg of the astragalus withm the tihio fibular mortice thus proving 
momeutary dislocation of the joint and complete rupture of the latent 
ligament (Fig 281) This injury necessitates immobilisation in plaster for 
not less than eight or ten weeks If it is treated as a simple sprain by eirly 
mobihsation the ligament fads to unrte the joint remains unstable recurrent 
dislocation develops and the astragalus sublmates every time the foot js 
mverted The patient may fall to the ground he dare not waU freeh over 
rough irregular surfaces and the foot constantly gives way In former 
years when routine radiographic examination was rehed upon the diagnosis 
was still obscure and it is not surpnsmg that patients who travelled from 
one doctor to another and from doctors to osteopaths and boncsetters wJ o 
were treated by massage electrotherapy and manipulation and who still 
gamed no relief from their disabilities believed that sprain of the ankle 
was a most serious injury 

The diagnosis of momentary subluxation and the sequel of recurrent 
dislocation of the ankle joint was described in the first edition of this hook 
and since that time the teclinique of radiograpluc examination of tlie fulJv 
inverted foot has been accepted The frequency of the injury is now recog 
nised Rowland Huglies ^ points out that m 50 per cent of sprained ankles 
slight tilting of the astragalus can be demonstrated and m 20 per cent of 
injuries there is considerable tilt which amounts to subluxation of the joint 
A clear distinction must therefore be drawoi between sprains duo to streteb 
jng of fibres of the anterior fosciciiliis of the lateral ligament which raav be 
treated safelv bx novocaine injection massage or simple clastic sujiport 
and momentary dislocations with rupture of the middle fasciculus and tilting 
of the astragalus m which complete immobilisation m plaster is necessary 
Ihe radiographic test is not reliable unless local novocaine finTsthesm is 
used because othermse the patient resists the painful movement by strong 
peroneal spasm "Moreover the surgeon should hold the foot liimscif and 
not relv on radiographers who are afraid of causing further injury and may 
fail to demonstrate the displacement because they do not invert tlic foot 
strongly enough Finaliv whatevergwp the surgeon mat choose to employ 
lie must inv ert the lied and not simply adduct the forefoot 

Jtupture of Ihe medial ligament of the anUe joint — In the same way that 

J B Uugtcj Sprains nnil SubtuxaUonscrtb AnklcJolnt J'rof Jlvy Sir 3ttd lOJ'’ x» I® W 
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Fro 280 

Severe epram of tho ankle There b no radiographic evidence of bone 
or joint injnij 


The radiographs shown abote {Fig 
280) afb of a patient who sustained 
a severe inversion injury of the 
ankle joint There was swelling 
ccchymosii and tenderness on pres 
sure over the external hteml 
hgiment 

Routine radiographs show no 
fracture or dislocation Is the 
injuri therefore a simple sprain 
of the ankle which will recover 
full\ after strapping the joint for 
tw 0 or three weeks ? 


Fatse faji to see Ftg 2SI 


19 


158 THE PRINCIPLES OF PRACTURE TREATAIEKT 

rupture of the lateral ligament is conceiled unless radiographs are taken of 
the inverted foot rupture of the medial ligament ma} be concealed unle«s 
radiographs are taken of the everted foot This routine is important m 
undisplaced subperiosteal fractures of the lateral malleolus if it is proposed 
to adopt the treatment of iio\ocame mjection and immediate unprotected 
u eight bearmg Such treatment may be safe if the fracture is the isolated 
injury it appears to be but routine radiographs shou no distinction between 
isolated fractures of the lateral malleolus and fractures of the malleolus 
with rupture of the medial ligament and potential outward dislocation of 


After a flexion strain of tlie 
neck the patient whose 
radiograph is shown m | 

Fig 2S2 compkmed of i 

pain radiating down both 
arms and of tingling in 
the fingers There is 

arthritis at the fifth cer 
ncal level shown in tiie 
hpping of the margins of 
the vertebral bod\ 

Is there anj evidence 
of injiuy ' Can a disloca 
tion or subluration of the 
cervical spine be eTcliided ^ 

^ 1 
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the foot Before unprotected weiglit bearing is permitted radiographs 
must be taken with the foot held m full eversion preferably after novocame 
injection of both malleolus and ligament 

Inferior tibiofibular dtastaats — Even when there is no fracture it is 
possible for the astragalus to sublu\ate outwards if rupture of the inefiiaf 
ligament of the ankle joint is accompanied bj rupture of the inferior tihio 
fibular ligament This subluvation is no less important a source of peniiaiitnt 
disabilitj^ than Pott Dupuj-tren fracture dislocations of the joint the din 
placement must be reduced and the joint must be properly imniobili cd 
Every severely sprained ankle should therefore be Xrajed with the fiot 
held both m full inversion and full eversion 

Rupture of the inferior tibio fibular ligament with diastasis of the joint 
niav also occur as a complication of abduction fracture dislocations of the 
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ankle joint It is difficult to prevent permanent disability because redisphce 
ment often occurs despite tlie protection of i carefully moulded plaster cast , 
the added fixation of a screw which fixes the tibio fibular joint is often 
necessarj The diastasis maj be concealed in routine radiographs because 
the joint IS obscured bj the overlappmg shadow of the tibia It is there 
fore advisable to take radiographs with the foot held in maximum e\ ersion , 
if the gap on the inner side of the jomt between astragalus and medial 
malleolus is greater than can be accounted for by displacement of the 
lateral malleolus diastasis of the inferior tibio fibular joint is proved and 
steps must be taken accordingly (Chapter XXXII) 

Subluzahon of Ihe cervical sptne — A suspected fracture or dislocation of 
the spine which is not shown in routine radiographs may be disclosed bj 
repeating the lateral exammation with the spme in a moderate degree of 
flexion This routine was of great importance to the patient whose radio 
graphs are shown in Eigs 282 283 He was sittmg in a vehicle which stopped 
suddenly so that his head was jerked sliarply fom~irds There was no direct 
injur\ but he complained of severe pain m the neck and down both arms 
Radiographic exammation showed no bone or joint injurj and the history 
of accident was vague After six weeks he was accused of malingering Ins 
compensation was stopped and he was told to resume heavy work Tiie 
distribution of pam suggested a possible subluxation of the cervical spine 
with root pressure and it proved easy to confirm this bj repeating the 
radiographic examination %vttli the spine in flexion (Fig 283) There is 
obvioush an moomplete dislocation of the intemrticular and intervertebral 
joints which appears only in the flexed position Immobilisation m plaster 
was necessarj for ten weeks to allow tightening of the damaged ligaments, 
and the man ultimately returned to full work despite the arthritic 
change 


DIAGNOSIS OF UNION OF A FRACTURE 

Clinical evidence ol union — The diagnosis of union of a fracture should be 
based on clinical tests — freedom from elasticity and springing absence of 
pam when angular strains are applied and disappearance of tenderness 
on deep pressure These clinical signs may show evidence of union long 
before there is radiographic ev idence of calcification of the callus (for example 
in fractures near the lower end of the radius supracondvJar fractures of tlio 
humerus fractures of the clavicle and fractures of the ribs) Ihe radiologist 
must bear this in mind when reporting on radiographs tal en manv weeks 
after injurv particularly w hen liis opinion may be of medico legal importance 
He should not report that the fracture is un united unless there is sclerosis 
of the fractured surfaces proving established nonunion In earlier cases 
Ins opinion is better expres‘«ed in the words there is not vet radiographic 
evidence of consolidation 

Importance o! radiographic evidence — In certain fractures it is important 
that climcal tests of umon should be supplemented bv mdiograplnc ev idcnce 
before splints or plaster are discarded Xu fractures of the carpal scaphoid 
hone no clinical test of umon is reliable and tlie surgeon must rely entirely 
on \ ra\ evidence In fractures of the shafts of the leg bones cbmoal 
examination mav appear to show firm umon at n time when unprotected 
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weight bearing ^^ould be followed by yielding of the frictiire Tins was a 
trequent cause of nonunion and mal union m former jears when patients 
Were discharged from hospital as soon as union appeared firm to clinical 
tests and often wnthin ai\ or eight weeks of injury In such fractures the 
diagnosis of union should be based on the combined evidence of clinical and 
radiographic signs 
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The f acture appears to be firm]/ 
consolidated and it vould appear 
that un on s so sound (hat anv 
degree of we ^1 1 bearing stra n could 
be Busta ne { with safety 


\ fneture of tl e 
shafts of botl le^, 
bones has been, im 
mobilised rn plaster 
for several months 
Antero posterior 
anti lateral ratlio- 
grapl s appear to 
show sound consoh 
dation of the frnc 
ture (Fig 2S-i) Tbe 
film IS under e\ 
po^eri TJ ere is no 
clear differentiation 
of corlevfrom me I 
ulk Bone stn* are 
not vmble Is tl is 
eandence s ifRcient * 

f 
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Radiographic evidence of onion — Union of a fracture may be accepted 
when there is a continuous external bndgo of callus joining tlie fragments 
or when callus between the fragments is uniformlj calcified and of a 
density approaching that of normal bone Tins eaiclcnce must be interiirete I 
With care Ao film fifioidd be accepted unless it is eorTectll evpoac 1 
properh developed and with no light fog so that there is minimal soft ti«‘%u(. 
shadow a bnght bone shadow and clearlv visible bone texture An under 
exposed film with a heavj soft tissue shadow ma^ give an appearance of 
calcification of callus wJuch is actually due to overhing poll tissuoa 
(Figs 284 28o) The possibility of overlap of bone sliadows mu t al^j 
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be excluded A single radiograph is often misleading (Figs 286 287) 
Even t'no views at right angles may cause error if neither viei\ coincides 
with the plane of an obliquely placed fracture This is nearly alwaj-s the 
case in fractures of the carpal scaphoid bone and one or more obhqiie views 
must be taken routinelj In other fractures it is often vise to supplement 
the traditional antero posterior and lateral radiographs vith oblique vieus 
If there is doubt the radiograjihic examination should be repeated with 
angulatorj strains applied to the fracture site In a fractured tibia for 


A patient sustained a 
basal fracture of the necl 
of the femur These 
fracture-s almost ui\ an 
ably unite soundly ba 
bone and non union is 
very exceptional Six 
montls after injury 
antero posterior radio 
graphs appear to s! ou 
good union (Fig 286) 

Can «e be sure from a 
single radiograph that 
union IS m fact consoli 
dated ^ Is it possible that 
the appearance of muon 
could be Bimuldtedbi o\er 
hp of bone shadows ^ 

■’83 Raise Jiaj io see Ftg 2S7 

la the antero poster or rad ograph un on 
appears sound 

example a film is taken w hde the limb is held with a anvs strain and com 
pared with one taken with a algus strain Difference m the alignment of the 
fragments in the tuofhms shomng ehstic springing of the fragments proves 
that umon is not sufficientlj firm for unprotected weight bearing It is 
often adiisable to draw a line on the film tn the axis of each fragment so 
that alignment can be judged more accurately Figs 288 290 show a slightly 
different application of this test A fracture of the shaft of the femur had 
been treated elsewhere by means of the Haines transfixion apparatus (sec 
p 20) It was suspected that the apparatus was not only causing persistent 
distraction of the fragments but that it was also fading to ininiobihso them 
adequately so that angulatory mo\ement was occurring despite the trans 
fixion pins The climcal suspicion was at once confirmed when radiographs 
were taken with firm pressure applied first to the outer side and tlieii to 
the inner side of the tliigh 

The most important check m cases where radiographic ciidence is in 
conclusii e is to insist on repeating the V ra\ examination after an mten a! 
of three or four weeks This precaution is of particular importance m 
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lYaeture shaft of femor treated by Hames transfis on 
apparatus It was suspected that angulatory movenient 
vas occumag 
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Radiographs taken with ssgnlatory strom 
In F g ”89 pressure s be ng appl e»l to the outer s de of the th h an 1 In F g ”90 
to the nner s de T1 e altered abenment pro e« that the apparatus I* not Immob 
Iis ng the fragments cotnpJelf Jr Jlef/artiiwliaal'eejid tracted an I th s tr^thef 
With nadequate immobibsat on la cau ng non un on of tl e fracture 
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fractures of the carpal scaphoid bone and m lower limb fractures where it 
lias been decided to discard the {faster and allow weight bearing After 
an int“rval of three or four weeks unsound union is shown hy decalcification 
of the callus if the densitj of calcification has increased despite the lack of 
protection union is sound 

Radiographic evidence of consohdation — Final consolidation of a fracture 
IS shown bj (1) uniform and uninterrupted calcification of callus which is 
now even more dense than normal bone (2) absorption and consohdation 
of external callus and (3) development of continuous stnai across tlie 
fracture site The diagnosis may be confused however exactlj hke the 


T(ie radiograpii siiown in 
Fig 291 IS of a boj aged 
tnelie who injured the 
jomt SIX jears ago and 
now has no symptoms 
The parents ask for a 
prognosis Will the elbow 
injury interfere ivith an 
Arm^ career ^ 

Is the externa} condole 
fracture umted by bone 
or is It merelj a fibrous 
umon which wall permit 
an increasing valgus de 
lormity and lead ulti 
mately to delayed ulnar 
palsy t 
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earlier diagnosis of union by oaerlappmg bone shadows I was recently 
asked for an opinion on a six months old fracture of the shaft of a fifth 
metacarpal near its base two surgeons said that it was umted and two 
said that it was un umted Radiographs appeared to show consolidation, 
but m all aoews there was oamdip of shadows of tJjo fragments Clmicaj 
tests were unreliable because it was difficult to judge whether moiement 
was occurring only at the carpo metacarpal joint or whether there was also 
moiement at the site of fracture Radiographs taken with forward and with 
backward strain showed considerable angulation of the fragments and pro\ cd 
non union of the fracture Similarly lig 29] shows an old fracture of the 
external condyle of the humcnis in which it is difficult to bo certain of the 



Fig 291 

Old fractvire of external condjle of 
bumeras Is the nnion firm rnongb 
to prevent increasing valgus dc 
fomutf or not r 
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degree of union Will tins remain a stable elbow and continue to gne good 
service free from symptoms and from complications or is it an unstable 
elbow which uaU develop an increasing cubitus valgus deformitj and iilti 
m&tely lead to delayed ulnar palsy f A radiograph taken with the elbov 
held uitli the greatest possible aalgus deviation of the forearm gives the 
answer (Fig 292) The umon is unsound 

Difficulties in the diagnosis of final consolidation of a fracture inaa also 
arise when hair line reduction of a fracture has been secured bj operation 
and maintained by plates or screws particularly for example m nailed 
fractures of the neck of the femur where there is little or no external callus 
In these fractures the greatest caution js needed before making a decision 
that luuon is finally consobdated and that nails or screw s may be removed 

THE DANGER OP X-RAYS TO SURGEONS 

Man\ surgeons ha\e wrecked their careeis by fluoroscopic screening of 
fractures radiodermatitis of the hands lias made it impossible to scnib up , 
chrome adceration has needed surgical excision and pla<5tic repair fingers 
have been amputated cancer has developed ^ * This is not an idle threat 
It IS what actually happened to mnety one surgeons who tised fluoroscnpi 
for reducing fractures ® * The figure relates only to published cases in one 
locabty it does not include radiodermatitis from causes other than fricture 
treatment it does not include milder cases of erythema fissured nmls 
rough skin sbght telangiectasis pigmentation atrophy of the fat pads and 
hang nail it includes only severe cases of indurated board like skin acute 
and chrome ulceration and cancer 

If a surgeon puts his hands m the direct beam of radiation the daily 
tolerance dose la exceeded in three seconds * He cannot possibly reduce a 
fracture in three seconds and his only alternative is to use lead lined gloves 
a handicap with whicli it is almost impossible to manipukte fractures 
successfully I hare never met a sargeon pnettsmg the minipttlatne 
reduction of fractures under fluoroscopic screens v\ho will swear that he 
never removes his gloves at a critical stage of the mampuhtion If gloves 
are removed for no more than a few seconds and tlie surgeon treats no 
more than four or five fractures a v\eek he is doomed He vmII learn his 
fate only when jt is too late He will regret the day that he permitted 
himself to use a dangerous practice — dangerous not only to himself but a! o 
to lus team 

Even if the surgeon does not put his hands in the diiect beam and uses 
no more than intermittent fluoroscopy by ujiicli to check the result of lus 
mampulations the daily tolerance dose from scattered radiation is readied 
wathm ten minutes I would prohibit eveiv surgeon from using tlic 
fiuoroscope m reducing fractures EqualU good control is a\ailable In tlie 
use of ordinary films developed ripidl\ and examined watlim two or tliixc 
minutes Even with this procedure the surgeon mav le t\i>osed to scattered 
radiation 'Moreover he is alao eonimitte<l to the occasional task of holding 
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a ]oint or fracture in a position of strain while ndiograplis are takeh and 
although lead hned gloves must be worn almost invanablj , this protection 
IS sometimes impossible (as for example in testing for non muon of a small 
bone like the fifth metacarpal or as m the case shown m Fig 289 where the 
glove was too thick to be introdnced between the apparatus and thigh) 
Fmally the surgeon is committed to the use of radiography during open 
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Tho result of exposure to X rays Ninety one surgeons are known 
to hare pa d (h s price (BvrtwiaifofilielambnllotpitnlaniiDrJupt) 

operations when he cannot use lead ^oves , this alone may be dangerous, 
and mechamcal devices must be employed for holding the casette during 
nailing operations on fractures of the neck of the femur and grafting opera 
tions on un united fractures of the carpal scaphoid bone Tiio aerv rare 
occasions when protection is impossible must be the limit of risk which the 
surgeon wall accept ^ Fluoroscopy should not be used The temptation is 
great The risk is greater 'flie advantage is negligible Ninety -one 
surgeons are known to have paid the price Don’t he the ninety second ( 




CHAPTER IX 

REDUCTION AND IMMOBILISATION OF FRACTURES 


T^o of the three mam prmciples of fracture treatment, the prmcijiles of 
immobilisation and of functional activity, were discussed in Chapters II and 
III The third concerns reduction of the displacement These principles 
are of equal importance and eacli of them must be observed throughout 
all stages of treatment — 

1 Reduction — Displacement of the fragments must be corrected and 

redisplacement prevented under radiographic control 

2 linmobihsahon — The fragments must be immobilised completeh , 

continuously and without interruption until umon is finn 

3 Functional acfttnitj— Joints which need not be immobilised must 

be actively eicrcised but never passively stretched 
The aim of treatment is both anatomical and phj siological anatomicalfj » 
to restore the bone to its former length, alignment and shape, pli^sio 
logieall}, to restore loints, muscles, vessels and nerves to their former 
function Phj-siological recovery is accelerated by early functional activity 
■whicli encourages repair of the bone, maintains a normal circulation, pre- 
serves the tone of muscles and the movement of joints, promotes, mental 
recovery and prevents psychological complications The ideal, therefore, 
IS ' early use of the injured part without movement of the injured structure " 
But this functional activity is safe only' if redisplacement can be a\oidcd 
Padded sphuts are inadequate Closely fittmg ^plaster casts accurately 
moulded to the contour of tbe hrab are usually essential 

Methods of reduction and immobilisation — The four methods of rcdiiciiig 
and immobihsing fractures are — 

1 Sfanipulative reduction and plaster immobilisation 

2 Manipulative reduction and continuous traction 

3 3Iechamca] reduction ami skeletal transfixion 

4 Operative reduction and internal fixation 


MANIPUIiAITVE EEDUCTTOff AND IMMOBILISATION IN PLASTER 

Tbe technique consists simply in msiiectuig radiographs to '=ce where 
the fragments he, replacing them by direct pressure or by traction, and 
repeating the radiographic exainmation to ascertain nJiethcr coiiijOetc 
reduction has been secured If reduction is not complete, the routine of 
mampulation, fixation, and X ray examination is rejwatcd Rediictton 
must be achie\ed by guarded measured strength ratlier tlian In sudden 
jerking force Nevertheless in fractures near the ends of long liones 
considerable strength may he required It is tlifiicuft to oa cr reduce a 
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Colies’ fracture of the ridma but easy to under reduce it In many 
fractures of the ankle and in epiphyseal separations the fragments are 
so shaped that tliey lock uhen fully reduced and it is impossible by 
manipulation to over reduce these injuries however strong the pressure 
which is applied 

In o\er riding fiactuies of the shafts of long bones traction is 
necessary It is a common mistake to apply perfunctory traction for only 
a few seconds Most fractured surfaces are irregular and projecting spikes 
prevent the fragments from sliding into position The limb must be sbghtly 
overlengthened before the serrations disengage and slow steady traction 
must be continued for five or perhaps even ten minutes 

Manipulation under aneesthesia — ^To attempt to reduce any fracture 
without an anscsthetic is unfair to the patient and unfair to the surgeon 
Even the oldest and most fragile patient can stand a few minutes of gas 
anaesthesia with safety If for constitutional reasons it is behe\ed that 
general ansstliesia is inadvisable a local anesthetic may be employed 
Local anmth^ia for Jraciurt reduclwn — In this country where genenl 
anaesthesia has reached a high standard of efficiency and safety, local 
anassthesia is seldom used routinely The analgesia is not always perfect 
m impacted fractures where diffusion is difficult or in fractures more than 
two or three days old where the hiematoraa is absorbing It is not suitable 
for children or for nervous adults Moreover dilution of the fracture 
hsematoma may delay repair On the other hand local anasstliesia has the 
advantage of lastmg for several hours so that manipulations may be 
repeated when necessary A long hypodermic needle is introduced through 
an intradermio wheal over the site of fracture WJien blood can be mth 
drawn confirming that the point of the needle is in the fracture lia3matoma 
10 20 c c of 2 per cent no\ocame are injected slowly Analgesia should be 
complete within ten minutes If the fracture is impacted the no\ocainc 
must be injected subperiosteally at three or four points 

Standard of reduction — How perfectly must the fracture be reduced * 
The standard of end result must be a limb clinically indistinguishable from 
normal it must have normal function and it must have a normal appear 
ance The alignment must always be perfect and there must be no rotational 
displacement Slight loss of apposition of the fragments may he of no 
significance m fractures of the shafts of long bones especially m children 
On the other hand more severe lateral displacement causes bony tlnckemng 
and impairs the cosmetic result especiallv in a subcutaneous bone such as 
the tibia Eien 1 or 2 mm of lateral displacement in a CoUes fracture 
of tlie radius produces an ugly deformity Moreover lateral displacement 
may impair the stability of the fragments As a rule therefore an 
anatomical reduction is necessary but some latitude is permissible in the 
apposition of fragments particularly m shaft fractures No angulation is 
permissible even m tlie fractures of children 

Time of reduction — The reduction of fractures and dislocations nia\ be 
performed at any time dunng the first few davs after injury Dislocations 
should alwa\s be manipulated at once because sc\cro pain docs not begin 
to subside until the displacement is reduced With fractures there is 
often less urgency Pam is reheaeil if the fragments are immobilised by 
first aid splints e\en if the displacement is not perfecth reduced 
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If the fracture is manipulated vntlun an hour or tu o of mjiuy, before 
there is reactionary s\relling great care must he taken not to applj so tight 
a plaster that the circulation might be endangered rrhen the hmb does 
swell A plaster slab is apphed over half or iwo thirds of the circumference 
of the limb and held in place with a soft bandage which may be cut if the 
necessity arises The encirchng plaster is completed the next daj If, 
on the other hand from twelve to twenty four hours has elapsed and the 
hmb os alreadj veiy swollen even a closelj apphed plaster will become 
loose after a few days when the swelling subsides A new cast must therefore 
be applied during the second or third weeks In some fractures of the ankle 
and leg which have not been elevated or supported b> firm elastic pressure 
the hmb may swell almost to twice its normal su. In such cases the 
routine of delayed reduction is preferable 

Delayed reduction of fractures with severe swelling — Without preliminary 
mampulation and without anrestliesia the fractiun is immobilised bj a 
plaster slab The patient is put to bed with the hmb elevated Two or 
three dajs later when the swelling has subsided the fracture is manipulated 
and a complete impadded plaster cast is applied This routmc is not 
apphed to ^slocatious or to fractures where the displaced fragments maj 
exert pressure on nerves or vessels Delayed reduction of supracondylar 
fractures of the humerus is permissible only if there is no complication and 
if the circulation is undoubtedly normal Moore of Philadelphia has been 
so impressed with the frequency of early redisphcement that ho mvanobl) 
uses delated reduction No attempt is made to reduce a closed fracture 
before the third or fourth day He finds that manipulation is facihtatod 
and the mcidence of secondary displacements is reduced 

Radiographic control of reduction — However satisfied the surgeon may 
he with his reduction of a fracture there can he no excuse for neglecting to 
secure radiographic confirmation A post reduction X ray must alwa3's bo 
taken It is true that the surgeon may decide to ignore certam displacements 
because he knou s that the functional and cosmet ic result will stiU bo perfect 
but unless radiographic examination has made him fully aware of the 
displacements vhich exist he is not in a position to knov whether it i'> 
safe to Ignore them I have seen several fracture dislocations of the 
ankle, treated even by expert surgeons where imperfect reduction was 
recognised so late that artlirodesis of the joint was the onij aiailahle 
treatment 

If a limb is swollen at the tune that the first plaster is apphed check 
radiographs must be taken ten dajs later before the plaster is changed llic 
fragments may have been redisplaced already Furthermore the limb must 
agam be X rayed after applying the new plaster to ascertam wliether the 
fragments still he m the correct jiosition Everj time tiiat a plaster is 
renewed this routme must be practised however unlikely it maj appear 
that the fragments hare moved 

Certain fractures arc prone to redisplacement 'ttithin the plastei eicn 
despite a satisfactory mitial reduction and a closelj fitting plaster cast 
This applies particularly to fractures of the lower shaft of the radius with 
mfenor radio ulnar dislocation, fractures of both forearm bones and fraclurM 
of the shaft of the tibia Tlicse fractures should le X nijed ever) second 
or third week during the first tuo months 
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In the treatment of firactnres economy of X raj films is fatal It has 
been said that bones are filled not with red marrow but with black 
mgratitude This is not true of the controlled treatment of fractures 
but if a surgeon neglects this letailed control black mgratitude is his just 
reward 


Plaster-oi-Pans Technique 

Thousands of years ago the Egyptians immobilised fractures by means 
of Imen stiffened with gum or plaster Starch clay and egg albumm uere 
subsequently employed In the last centurj walkmg plasters were used 
by ICrause m the treatment of leg fractures and m 1887 he reported a 
successful senes of ni ty eight cases He fitted a special laced boot over 
the plaster for walkmg out of doors Unpadded plasters and U shaped 



fiG m 

Prcp&nng piaster bandages 


walkmg iron stirrups were emplojed bj Korsch in 1894 * More recently the 
unpadded plaster has been popularised bj Bshler and hia associates 

Preparation of plaster bandages — ^The best dental plaster should be used 
and a fairly wide meshed starch free cnnolme or muslin bandage 6 m wide 
and 5 yds long The plaster is firmly and e\ only rubbed mto the crmolme 
which IS lightly rolled (Fig 294) If the rolling is too loose the central 
core slides out during application If it is too tight the bandage will not 
soak evenly The completed plaster bandage should be elastic and spring} 
The proportion of plaster to cnnolme depends on mdividual preference 
but too much crinoline makes an expensive bandage and too much plaster 
a brittle cast An a\erage 5 yd plaster bandage should weigh 8 oz and 
contam 85 90 per cent bj weight of plaster The Fracture Clmic which 
is regularly usmg plaster of Pans baa no difficulty m preparmg incxpensn o 
bandages of perfect qualitj In other circumstances one of the propnetarj 
bandages such as Cellona plaster should be used 

Plaster slab techmqne — ^Thc plaster bandage is lowered mto a dcei> 
bowl of warm water and left eompletelj immersed until bubbles cease to rj'ic 

* Momo UUtotT of ria-t r of Varis In tl e Treattn nt of Fta totM B ii Jour Surj 193j 0 xxiU ® 7 
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It IS then lightly squeezed from the two ends A slab of the required 
length and width is prepared on a glass or enamelled surface (Figs 29T 299) 
A proper cast is not a senes of discrete layers of plaster but one homogeneous 
mass The bandage must therefore be sufficiently wet and sloppy, each 
layer must be firmly rubbed m, and the work must be completed rapidly 
While the plaster is still quite wet and before it has had sufficient time to 



Fio 29$ 


ria'tcr slab technique The plaster is moulded to the contour of the Lmb 
and held m posilitm mtb nvt open woro banda^ 

set it is applied to the limb, firmlj moulded round the bon> prommences 
and bound bghtlj m position with a wet open mesh bandage "Movement 
of the jomts during setting of the plaster will produce ridges at the joint 
let el, sometimes with disastrous results (see p 179) This must be atoulod 
b^ keeping the limb immobile until the plaster is hard 

To immobihse a umst, the slab is made of sufficient length to alJou it 
to be turned back double over the hand and wrist Similarly, an elbow 
may be immobUised bj a plaster slab down the back of the limb For 
an ankle more than one slab maj be used One is applied from the upper 
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calf over the heel and sole to the toes, and a second longer slab doTrn one 
side of the limb, under the heel and np the other side 

Preparation of dry slabs— Time is saved and the danger of apphinf» a 
half set plaster to the limb is aaoided if drj slabs are ready prepaW 
(Fig 300) The cnnolme into which the plaster is rubbed is not rolled m 
the ordinary way, bnt is folded on itself baclrwards and forwards to produce 
not less than six layers Any length may be prepared , it is convenient 
to nse 18 in by 5 m slabs for the upper limb and 30 m by C m slabs for 
the lower limb The completed slab is folded, ends to the middle, so that it 
can be stored and subsequently soaked exactly like a rolled plaster bandage 
It IS then rapidly opened out and immediately apphed to the limb 

Complete plaster cast — A complete cast is constructed by applymg one 
or more slabs, carefully moulding them in position with a wet soft bandage, 
and then applying ordinary plaster bandage m a circular manner These 
enctrchng turns of plaster bandage must nat be pulled tighthj , they are laid on 
the limb unthout tension. When necessary a slight pleat js taken in one 
margin of the bandage in order to preserve an even and smooth application 
Each layer is firmly rubbed in and the plaster while still wet is moulded 
round bony prominences to conform exactly with the contour of the limb 
This moulding is done with the palm and themr eminence rather than with 
the finger tips 

Padded or unpadded plasters ? — ^\Vhen a limb is put m plaster shortlj after 
injury and before it has begun to swell, paddmg should alwajs bo used 
A double faced wool bandage can be apphed smoothly and evenlj (Fig SOI) 
Similarly, after operations performed with a tourmquet, operative evasion 
of wounds or compound fractures sequestrectomy, or any other operation 
which mil cause reactionary swellmg, the plaster should be padded On the 
other hand, when the plaster is changed after two or tliree weeks and it is 
known that there will be no further swelhng, it is better to use an unpidclcd 
cast The plaster must fit verj closel} it may bo apphed dircctl> to fho 
skm, or over a layer of stockmet Bony prominences, particularly tlio 
neck, of the fibula the iliac spines, and the spmoiis processes, should bo 
protected with J in adhesive felt Friction at the upper and lower margins 
of the cast should be prevented by a strip of felt or w’ool 

Reinforcement of plaster — The l>e«!t protection against breaking is a 
completely uniform plaster of even thickness at all levels Occasionally a 
patient may break plasters so rapidly that it is useful to incorporate a layer 
of aluminium wire mesh across the jomt level A double hip spica is best 
remforced by joining the two tlugk casts with a “rope ” of plaster bandage 
as a cross strut Hip spicas may also be remforced by " ridging ” Plaster 
slabs apphed across the jomt level are pinched together dowm their whole 
length to make a senes of vertical ndg^ 

Wedging of plasters — It is of the utmost value to bo able to correct mmor 
degrees of angulation wuthout completely changing the plaster If the 
plaster is cut down and a new one applied, some other displacement may 
arise The surgeon is tempted to “leave well alone " Yet the slightest 
degree of angulation should be corrected, and a simple device is aiailabJo 
by’ which this can be done with absolute control 

A linear cut is made round two thirds of the plaster at the level of 
fracture on the concave side of iihe angle A short gas anscstlictic may bo 
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FiO 300 

Prcpanng di7 plaster slabs Tbe ends are twice folded to the nuddle t] t slab 
18 then coaveaieatly stored and eoaked like an ordinary bandage 
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Jfatenals required for application of plaster Adhesiro felt, stockinet and plater 
Blabs open wove bandage adhcsire strapping ecalpel and bandage ecisson rolled 
double faced wool bandages aorbo rubber and plaster bandages 


2T 
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given and the linear division is opened to a vedge which is held open bj a 
small block of wood placed between the two cut edges (Figs 302 304) The 
block must be exactly opposite the angle m front of the hmb for backward 
angulation on the inner side for outward angulation halfwai between 
the two for combmed backward and outward angulation and so on 
Another radiograph is then taken and the degree of correction maj he 
increased or decreased hy inserting la^er or smaller blocks of wood Wien 



a final radiograph proves tliat the ali^iment is perfect the gap in tho 
plaster is filled and reinforced 

This pTocedvire is invaluable in the treatment of fractures of the tibia 
and fibula It allows perfect control and accurate correction of tl o slight 
degrees of angulation which cannot alnaj*s be avoided with tho iiiitml 
plaster It may also he used m fractures of the shafts of the forearm lioncs 
and m trochantenc fractures of the femur treated in a hip sjnca (Figs 30 1 i0() 
Caution IS necessarj if it is proposed to correct a sex ero degree of angulation 
Gross wedging may so increase the pressure of the plaster on the limb even 
a considerable distance above and belou the lc\el of tho vedge tint 
pressure sores roaj deielop unless the possibihti i!> home in mind and 
discomfort relieved by cutting windows 

Walking plasters — A walking plaster for the lower hnih slould he 



KEDUCTION AND imiOBILISATION OF IRAOTtlRES I7o 

reinforced with an extra slab beneath the sole extending to just above the 
back of the ankle Irregularities are made good and a flat walkmg surface 
produced The patient should not walk until the plaster is thorouglil\ 
dry The impact of weight bearing may be reduced by oppijnng a or ^ in 
heel of sorbo rubber This is held in position by a few turns of strappmg 
or Elastoplast A plaster boot is made with a leather sole so that tlio 
patient can walk out of doors even in wet weather and appear normally 
dressed (Figs 307 308) 

Walkmg iron stirrups projecting beyond the heel are often incorporated 
m the plaster Although they reduce wearing of the plaster most patients 
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W edg ng a b p sp ca to ncreas« the abduct on of a trochanteric fracture 
Rad ographic control s use I 


acquire a bad gait Either the> walk rigidly as if on a stilt nifch the knee 
stiff or they pivot on the heel twisting tlie whole limb out uith each step 
It IS very much easier to achieve a normal heel and toe mo\ emcnt with an 
ordinary plaster with or without a sorbo rubber heel Aloreover it is difficult 
to fit a boot over a walking iron stirrup and a closely fittmg plaster boot 
adds a great deal to the patient s self respect It enables him to w alk in 
streets and shops almost uimoticed "Many patients Jiave learned to pursue 
a normal life despite a below 1 nee walking plaster cvohng driving riding 
pla> ing golf and e\ en hunting and deer stalking ’ 

Removal of plasters — A professor of surgery retains one ^ ivid childhood 
memor} — the agonj of removal of a plaster The pam of the fracture is 
forgotten but not the pain of cutting down tlie plaster Even the most 
gentle of surgeons seem to lose their svmpathj on these occasions to bmsfi 
aside the victim s protests and to hasten tlirough the vrork as jf time w as the 
only factor One patients thigh was completely split- open from top to 
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bottom by the cutting edge of a plaster shears wielded h\ a -ntroroiis 
young house surgeon The patient was under an anaesthetic but° forty 
stitehes m a 14 m wound were not easily explained 

The first essential is not to frighten the patient and to reahse that even 
the sight of plaster shears may femfy a child The second is to choose 
good shears The blade which is inserted beneath the plaster should bo 
slightly longer than the other so that it does not cut out with each bite 
but it must not be more than J m longer and it must be shallow Much 
of the pain and discomfort is due to the surgeon s struggles to push the 
deep blade m advance of the cut The third precaution is to use the 



shears gentlj The deep blade must be kept parallel with the skm and not 
pomted down at it Short bites should be taken Special care is necessary 
at joint levels where bones are prominent beneath the skm Over these 
areas the plaster should be nibbled awaj a millimetre at a time 

Motor saws have been devised for cutting plasters but the\ 1 i\e pro\ed 
unsatisfactory The instruments are difficult to use and they frighten tl e 
patient 

Protection from disuse oedema — As soon ns a lower limb plaster has been 
removed an elastic support must be applied The circulation has become 
accustomed to a rigid external support and uhen tl is is suddciih lost 
severe cedema develops If it is left uncontrolled it ma> recur ctciy day 
for manj months or even for years Eveij tune the fluid leaks from tl o 
capiUatj field into the tissue spaces it opens up tracks uhich make it easier 
to leak again The cedema causes the formation of ndliestons {{ r4) and 



REDUCTION AND BBIOBIUSATION OF FRACTURES 177 

the weight of the swollen hrab interfere* with the e\erc]se which is neces 
sary to promote verous return and restore the circulation Jlassige is 
meSective It does no more than disperse the fluid temporarily 

There must be no interval between removal of the plaster and the 
application of elastic support If m error an interval has been allowed 
and the limb is already swollen the patient must be put to bed for tw enty 
four hours with the foot elevated before the dressmg is applied Ordmary 
crepe bandages are useless because they shp and because the oedema is 
aggravated if the patient applies the upper turns of the bandage more 
tightly than the lower An elastic stocking is more effective but it is expensive 
and liable to stretch Elastic adhesi\e strapping often causes skin irritation 
and dermatitis 



AppljiBg Uniia s paste dress ng to prevent oedema alter remoral of plaster 


Unnas zme gelatine paste is the most useful dressmg Tlie cubes of 
gelatine are placed m a pot surrounded by water which is boded untd the 
gelatine melts to a smoo^ paste It is then painted on the leg and cohered 
with a soft bandage (Fig 309) Two or three alternate lasers of paste 
and bandage complete the dressing which must extend from the webs of 
the toes to just below the knee Propnetarj bandages alreadj impregnated 
wnth a gelatme paste may be used ^ iscopaste bandage requires no 
preparation but ^les with a shglitlj harsh surface Ichthopaste bandage 
requires immersion m hot water for ten or fifteen minutes and at first 
smells of ichthyol but it is non irritant and soothing to a tender skin 

The dressing must be retained until the muscle tone and circulation of 
the limb are restored The patients observation that the dressing is no 
tighter at the end of the daj than it was at the beginning shows that the 
tendencj to oedema has subsided In. the adult protection is necessarv 
for five or six weeks and sometimes for ‘several months 
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Complications of Plaster Immobilisation 

Gangrene arising after a fracture is usutUj due to arterial mjurj and it 
may be an unavoidable complication (p 127) In recent j ears tliero Jnve 
been one or two tragic cases of gangrene where the pressure of an 
unpadded plaster has been the most important if not the onl^ cause 
Tile circulation must be tested frequently It is not enough to compress 
the tips of fingers or toes and confirm that the ana?iiiic area refills nith 
blood Fluid blood often remains in the digit and the sign mai be obseri ed 
even after complete stasis of the circulation The anemic area must fluali 
rapidly with blood the digits must be warm thej must not be ejanosed 
or pale thej must be pink If ike return of blood after compression of a digit 
ts sloio the patient must not be allowed out of sight The test must he repeated 
every ten or fifteen mmutes If the digit is blue or cold and palhd the 
plaster must be cut at once It is usually sufficient to make a longitudinal 
cut througli the wliole length of the plaster dividing e\er^ turn of wool 
or bandage until skin is exposed m the gaij between tlie cut edges Xlic 
gap should then be filled with a light padding of wool If necessarv the wliole 
of the front half of the plaster may be removed If the pallor and anxmn 
are stiU unrelieved it is clear that the arferj has been injured or that it is 
thrombosed 

Pressure sores ina^ develop from the Iocali‘ied pressure of splints bandage 
or plaster especially over bouj pronuneiices Plaster sores nnj be due to 

(1) pulling one turn of the plaster bandage too tightU so that there 

13 a ridge on the deep surface 

(2) careless moulding of the plaster causing undue pressure over a bony 

prominence 

(3) application of a plaster slab winch instead of being wet and sloppj 

has begun to harden and does not adapt itself emootlilj to the 

contour of the bmb 

(4) movement of a joint during the setting of a plaster so that a ndge 

IS formed 

(5) failure to protect bonj prominences m a thin or emaciated patient 

(6) allowing an imperfectly set plaster to rest on a bard surface so 

that it IS flattened over a bony prominence (es]>ecially the back 

of the heel in leg plasters and the sacnira in hip and trunk 

plasters) 

(7) pushing coma heads of kmttuig needles small wads of wool or other 

foreign bodies between the plaster and the hmb 

(8) delay m repairing a crack m the plaster near a joint so that there 

IS friction of the skin against the broken margins 

Signs — The patient may complain of persistent localised discomfort or 
pain These symptoms should neaer be ignored e\en if thca iviss ofl m 
a day or two because the tissues rapidly become anTsthetic In some cases 
there has never been any complaint of pam and the first sign may bo tlie 
typical smell of accumulated secretions and discharge The sore can easily 
be localised because the ovcrlyung plaster becomes much hotter than else 
where (Edema of the toes or fingers recurring after (ho initial cedema 
has subsided means almost certainly that there is a pressure sore If the 
sore IS near the end of the plaster the digits become red and inflamed or 
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dusky Fmallv the sloughmg is recognised 
by the staining of the overlying plaster or 
bj a purulent discharge from the end of 
the plaster 

Treatment — As soon as a pressure sore 
is suspected a small ivmdow must be cut 
Even if the suspicions 'were unfounded no 
harm has been done and the patient must 
not be allowed to feel that he has com 
plained unnecessarily Whether there is a 
sore or not the window must be filled 
with a pad of wool firmlj bandaged mto 
position Unless this is done there will 
be oedema of the unprotected area which 
wdl aggravate a tlireitenmg ulceration or 
even produce new sores round the margin 
of the window If there is already ulcera 
tion a moist dressing is applied until 
sloughs ha\e separated and then a drj 
or vaseline gauze dressing which is not 
changed more than once a week 

(Edema distal to the plaster — (Edema 
of the fingers and toes is inevitable after 
injuries of the vTiat and ankle especiallj 
when local swelbng is prevented b\ a plaster cast This reactionarj snelhng 
is of little significance but the limb should be elevated until it his subsided 
ActiNe evercises of the snoUen digits are even more important than usual 
It IS a mistake to trj to prevent spelling of the toes bj cutting the lover 
edge of the plaster back to anioreprovinnl 
leael In the lover hmb most of the 
cedema is graiitational and tl e more the 
plaster is reinoied the greater the area 
which vill suell and the more ine\itable 
IS pressure fnction and ulceration of the 
skin at the margin of the plaster (Fig 311) 
Tor tlie same reason a plaster spica or a 
plaster for the knee siiould ne\er finish 
in the lower leg leaving the foot and ankle 
unprotected If the anl le is not to bo 
immobilised a \iscopaste bandage must 
be applied to the foot from the webs of 
the toes and incorjoGrated m tlic lower 
margin of the plaster 

Purulent dermatitis — As a rule when 
plaster is applied dircctlj to a limb without 
padding the skin becomes dn and scah 
Some patients ha\ o a more susceptible skm 
and a dermatitis de\ clops similar to inter 
trjgo dermatitis Staphylococcal infection 
of the hair follicles and sweat glands 
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Paste dressing crepe bandages and 
pla ters must extend to tl o web of the 
toes otherwise blistering and gran 
tat onal cedema develop in tl e unpro 
tected forefoot and there may bo 
ulcerat on at the margin of the dressmg 



HMa queruioss tjpeHboivas 

alrajs eomplaining Bren m nor com 
pla ntsnustalcrsysboacceptcd Ainndo 
must be cut or the plaster b ralved 
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supervenes and if the condition is ignored a severe and extensive 
purulent dermatitis follows The first sign is itching and irritation 
followed later fay an mtolerafale burnmg pain At the first sign of 
irritation a small window should be cut and talcum powder apphed 
and blown under the margins of the plaster every day It is some 
times necessary to apply a new plaster over a double layer of well 
powdered stockmefc 

Skin blistering la common during the first twenty four hours after severe 
mjuries of the ankle leg and elbow lie blisters are due to traumatic 
oedema of the cuticle and the exudate is sometimes hemorrhagic Tiiej 
only develop where the skm is unsupported If splints are used they 
appear between the splints not beneath them They never develop 
beneath an encirclmg plaster If the skin is already blistered the 
blebs should be emptied by pinching a minute hole m the overijing 
cuticle Talcum powder js dusted over them and plaster applied in 
the usual way 


General Complications 

Hypostatic pneumonia — ^Vhen an elderly patient sustams an injurj 
necessitating recumbency there is a tendency to hypostatic congestion of 
the lungs leading sometimes to pneumoma This tendency is mcrc'ised 
if the patient is imable to turn unaided owing to a licavy plaster cast over 
the trunk and hips Regular turning from one side to the other and vhen 
possible on to the face should be carried out every few hours diirmg 
the day As soon as possible the patient should be propped up uith 
pillous 

Renal calculus formation — If recumbency is necessary for several months 
it must be borne m mind that there will be a gencrahsed disuse deoalcification 
of the whole skeleton with a greatly mcreased output of calcium salts by 
the kidneys To the generalist decalcification of all bones may bo added 
the more marked local decalcification of the fractured bone particularly 
in the case of infected compound injuries The high concentration of calcium 
salts in the urme may be responsible for extensive calculus formation 
(Pig 312) At first the calcuh are soluble and they may disappear v hen tho 
saturation of calcium salts m the urme is reduced by increased fluid mtake 
and the renal tract dramage is improved by posture Jloariwliile however, 
there is a risk of renal inefiiciency due to obstruction and the excessive 
excretion of calcium may itself lead to renal cellular degeneration 
Moreover the deposit of calcium silts may provide a nucleus for the 
formation of insoluble calculi In some cases iiy onephrosis has led to Joss 
of a kidney or even to death from uraemia 

Particular caution is neccbsary m compound fractures of the lower Juab, 
in fractures of the Jiip in injunes of the pelvis nith rupture of the bladder 
or urethra and in spinal injuries treated m recumbency Postural drainage 
of the kidney s must be encouraged by raismg the head end of the bed on 
blocks for several hours each day The fluid intake should bo increased 
and regular exercises must be practised for those parts which do not 
need to be immobilised In order to render the unno acid and so 
mamtam solution of the unnary calcium phosphate, a diet yielding an 
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acid ash is tecommended Details of an acidogenic diet are given 
bj Pyrah and Fovaveatlier ' 
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'S^ptrol th asis due to recumbenc; in a case of fracture dislocatioa at tho eleventh 
and twelfth dorsal level 

Fat emboUsni — Of the three complications of fractures nhieh nmj cause 
sudden death shock is iismllj fatal it about tho thud hour fat embohsrii 
on the third day and pulmonary embolism diirmg tho third week Fat 
embohsm though seldom recognised climcallj is the cause of death in 
over 20 per cent of fatal fracture cases * * It has been asisUmed that tho 
fat globules gam entrance to the circulation from the medulla of the injured 
bone through the ruptured walls of blood vessels but it is also possible that 
the embob maj consist of tho fat of blood plasma broken don n from its 
normal state of emulsification bj histamine or other products of muscle 
injury or bj ether inhaled during an'csthesia * ® Tho emboli lodge in the 
lungs or brain or are scattered throughout the bod\ Tho pulmonarv 
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type sometimes develops wifluii a few hoxirs of mjury and climcalh 
resembles acute cedema of the lungs but more often dyspnce-i cj-ano^ts 
precordial pam cough and hyperpyrexia develop gradual!} during tlie 
first few days and suaulate broncho pneumonia In the cerebral tvpe 
the symptoms are those of dehnum tremens and cerebral irritation pi'cses 
slowly into stupor coma and death The diagnosis may be confirmed b\ 
the presence of fat m the urine and sputum ^ When the onset is delayed 
and puhnonaiy signs predominate the prognosis is good but m an established 
case of 8} stemic embolism with cerebral signs recovery is exceptional The 
only recognised treatment is that of prevention the gentle handling of 
fractures in first aid and subsequent treatment the institution of complete 
immobdity at the first possible moment and the use of tourniquets for all 
bone and fracture operations * 

MANIPULATIVE REDUCTION AND CONTINUOUS TRACTION 
Two strong men will suffice by making extension and counter 
extension — ^Hippocrates 350 b c 

Prmciples of traction — When the shaft of a long bone is fractured the 
elastic retraction of muscles surrounding the bone tends to produce o^e^ 
nding of the fragments This tendency is greater (1) when the nuiocle^ 
are powerful and long beUied as m the thigh (2) when the fracture is 
imp^ectly immobilised so that there is pam and therefore muscle spnam 
(3) when the fracture is mechanically unstable because the fragments are 
not m apposition or because the fracture Ime is obhque 

Upper hmb — In injuries of the upper hmb the first and second 
aggravating factors can be excluded The muscles are not particuhrly 
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Tractiou m the upper limb is reqatred only for unslAhle fractures such 
ss Bennclt a fhicture'dialocation of the thumb 

Strong and long bellied There is no difficulty in securing conipfete 
immohihty and therefore in relieving muscle spasm Continuous traction 
to neutralise the elastic recoil of muscles is reqmrcd therefore onU m 
fractures uhich are structuralh unstable It is necessary m Ilonncttf 
fracture dislocation of the thumb metacarpal Iho matter liou pcrftctlv tlii'* 
fracture is reduced and no matter how valiant the efforts to hold it reduced 
the obliqmti of the fracture hne is such that it has no stnictuml stabiliM 

i I Scott F II Xcnn»nlA KoWi-SoHI F»tr Iwl »ra. Sput n I inall nn* ' “ 

Hjerwii •!<« tm r Itcrf I9t«lx1l6 





REDUCTION ANT) DBIOBILISATION OF FRACTURES 1S3 

Theie is no opposition to tiie retraction of the long flexor and extensor muscles 
If a perfect result is to be achieved manipulative reduction and immobilisa- 
tion must be supplemented by continuous traction for the first tliree irecks 
(Fig 313) There are one or two other unstable fractures of the upper bmb 
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Fixed types of lower limb tTartion The counter pre'sure is against the 
groin m the Thomas iplmt (Fig 314) the opposite grom in the abituctioii 
frame (Fig 315) and ihc sole of the opposite foot m ''ell leg traction 
plasters and splmts (Figs. 31C 317) 

uliicli sometimes require continuous traction (phalanges, Chapter WVII , 
shaft of radms Chapter XXI neck of hwmenis, CJiapter (XXII) 

Lower Imb — In tlie lover hmb, the power of the muscles and the range 
of retraction is greater and there maj be more difficult in achieving perfeet 
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immobility Almost eveiy fracture of the shaft of the femur requires 
traction throughout the penod of unmobilisation, and unstable fractures 
of the leg bones may need traction for fire or si\ u eeks 

Principles of counter-traction — A team practising tug of u ar must either 
fix their rope to a wall or they must puU agamst another equally strong 
team Similarly, traction on a lunb requires a fired point from wluch the 
traction is exerted, or an equal counter traction in the opposite direction 
Each of these methods is employed The first is known as fired traction 
and the second as balanced traction 

Fixed traction — ^With a Thomas’ bed splmt, traction is exerted from the 
fixed point of the patient’s pelvis The ertension tapes pull the hmb down 
to the splmt, which is prevented from movmg m the opposite direction Jjj 
the resistance of the nng of the splmt agamst the tuber iscliii (Fig .314) 
With an abduction frame, traction is exerted from the fixed point of the 
grom strap on the opposite side (Fig 315) “ Well leg traction” is exerted 

from the fired point of the sole of tJie opposite foot * Tins method was 
devised to avoid the pressure of the iwg of a Thomas’ splmt in the groin 
The opposite limb is put m a plaster spica and the bars of the splint are 
incorporated in it (Fig 316) The counter pressure is then transferred from 
the grom to the plaster spica and therefore to the sole of the opposite foot 
This principle is used m the Roger Anderson splmt for certam fractures 
of the upper end of the femur Although with tins splmt the plaster on the 
normal hmb is not a complete spica, the counter pressure is transferred to 
the opposite sole m a similar waj (Fig 317) 

Balanced traction— The simplest type of balanced traction is tint used 
in weight extension A weight is hung over a puUej at the foot of tiie bed, 
and fixed to the hmb b;, extension 
strapping on the skin or h^ a 
traction pm through the bone The 
counter traction is the patient’s 
oavn boda weight sliding down the 
bed which is raised at tlie foot (I ig 
318) The 10 or 15 Ib weight on 
one side of the pullei is bainneed 
bi tlie patient’s own hod^ weiglit 
on the other This principle is 
used in Braun's splint for fracture'- 
of the femur and tibia and in 
Hodgen’s splint or ana other splint 
wluch IS suspended from an over 
head beam 



DaUnMd traction Tbe traction of iW freight on Combined fixfid aod balanced 
one side of the puliev is balsnced bv the counter • ir i .. ..!./» t.en 

tract, onorbod,,o,.himil»otl»r fraction— Hosl BUrgcom nlio Ito 

the Thomas’ bed splint regidarlt, 
use combined fixed and balanced traction The splint is applied m the 
ordinarj waj with the ring firmlj pressed against the jielvis and tlio extension 

tapes tightened As the traction continues the extension falx's tend to 
slide and to become slack, making it necessary to tighten tliem soacru 


A Xcw Mellwl ot TwAtlns rraUurrt l-tllWnB lie Well Us I r CounUl trvtlAn 
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times a day Furthermore, the pres^mne of the ring of the splint causes dis- 
comfort or even pressure sores m the adductor region and groin Botiv these 
difficulties are met by fastening the end of the splint to the foot of the bed 
whicli IS raised 12 or 18 m The patient is then partly suspended from the 
foot of the bed by the extension tapes Some degree of balanced traction has 
been added The patient tends to fall away from the rmg of the splint and 
pressure in the groin is reduced Moreover slack m the extension tapes is at 
once taken up, and they need tightening only once a day or on alternate days 

Similarly’, with an abduction frame the efficacy of the traction can be 
incrccased, and the discomfort of the groin strap relieved ha fastening the 
frame to the raised foot of the bed 

Sliding bed traction — Pugh first utdi^d the simple device of applying 
extension tapes to the hmb and fastening the tapes to the raised foot of 
the bed to secure traction on the hip joint If only one limb is fastened 
m this rvay the opposite side of the pelvis slides farther down the bed than 
the fixed side, and the hip is slowly abducted The dev ice is useful in treating 
epiphyseal coxa vara and avascular 
necrosis of the upper femoral epiphy 
61 S, where traction and abduction 
are required but not immobilisation 
The extent to uhich the patient 
slides doum is reduced by friction 
against the mattress and bed clothes 
Hendry has excluded this friction m 
a ** sliding bed ” The mattress is 
placed on a wooden surface which 
slides on roller bearings over the 
bed itself (Fig 319) The amount 
of traction which requires a tilt of 
30° or 40° on an ordinary bed can be 
achieved on a sliding bed with only 
a 10° or 15° tilt The available traction is almost unlimited and the 
patient’s comfort is greatly increased Actually the patient’s bead need not 
be any loner than his feet not even 10° or 15° Provided that the bed itself 
IS raised at the foot the fa}se top nd) st/}} s}ide doira and give the necessin 
traction whether it is parallel with the bed or not , and m the latest model 
of Hendry bed the sliding top is horizontal, although the bed on which it 
slides IS tilted 

Dangers of traction and distraction — A clear distinction must bo drawn 
between the heav y traction which may be applied for a few minutes as part 
of the manoeuvre of manipulative reduction of a fracture, and the Iigliter 
traction w Inch is maintained continuously in order to prev ent redisplacement 
Continuous traction must not be used for the reduction of a fracture It k 
a mistake, for example, to treat a fracture of the shaft of the femur without 
initial mampulation but simply by the suspension of a weight from a skeletal 
traction pm in the bone wath the object of correcting displacement graduallv 
over a period of days or weeks Two or three viceks may elapse before it is 
rocogmsed that Teduotjon is imperfect, the wciglds may tliwi bo increased 
and tliere is danger of distraction , repeated adjustments arc made and tliere 
IS constant interniption , after Jong delay it may }>e found that ojiomfne 
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Sliding bed traction (Hendr; and Naugliton 
Dunn) Bj excluding friction a 10* till on a 
sliding bed gives as powerful traction as a 40* 
tilt on an ordinary bed 
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reduction is necessarj Such a rontme is \er\ harmful to the Iieihng fracture 
It di&turbs the grorrth of granulation tissue and callus e^actl^ at the tunc 
tJiat freedom from disturbance is most important Frequent mtemiption, 
alteration of position, distraction of fragments and late operative inter' 
\ention are all factors ■n-bich -senouSlj delaj imion ^ The purpose of 
treatment of an^ fracture sliould be to complete the final refhiction of 
displacement withm tuo or tliiee dajs and then to maintain the reduced 
position continuously and mtboiit interruption In the case of a fractured 
femur displacement must be reduced bj manipulation and if necessari hcavj’ 
traction imder anesthesia, the limb then being immobihbed m splints mth 
just sufficient continuous traction to prevent redisplicemeul Heavi con 
tinuous traction is avoided, and under no circumstances must the fragraents 
be distracted (pp 18 22) Similarly, fractures of the tibia must not he oier 
pulled If a fracture is unstable and continuous traction is needed not 
more than about 10 lbs should be used Fractures which Mould othenM‘e 
umte m eight or ten weeks will, after distraction, unite onl\ in eight or ten 
months Such a delay is eiitireU unjustifiable It would be much better 
to control the instability and preient redisplacement bj internal fivation 

MECHANICAL REDUCTION AND SKELETAL TBANSnXION 

This 18 a mechamcnl age and mechanisation has invaded the realm of 
fracture treatment A teclimque Jns been deacloped m Amenca of tran* 
fl\mg both the fragments of a fractured bone with steel pins fiving the pins 
m the stirrups of a machme, and then reduemg the fracture under X rn\ or 
fluoroscopic control bj mechanical traction, angulation and rotation hen 
reductiou is complete the projecting ends of the piiis are incorporated m a 
plaster cast (Figs 320 321) Alternativelj the pins mnj he fired in tlio 
clamps of a steel bar which acts as an ertra skeletal ‘ bone ” bridging the 
fractured bone and providing all the fixation required (Fig 2SS) Tlie object 
of such treatment is to aaoid the necessitj for plaster or splints and allow 
earli mobilisation of the joints A single pin in eacJi fragment js jnndcquiite 
for this purpose because the pin can rotate in its track, and the fragment 
can rotate round the pm At least four pins must be used, two m each 
fragment Furthennore, if the pins are parallel to dacli otlier, movement of 
the firwgitrenfs m sj stii} <f<scar ^Jistetes' tecftfinqitc Tigs 23^290} .-WwopiAJ 
iimt must consist of pins dnven into the bone at an angle of 45’ 
(Roger Anderson technique) 

These methods of skeletal transfixion and roachmc reduction arc of doubt- 
ful merit, moreover, tliej are fraught with danger The mam nd\ intnge 
which has been claimed is that carlj mobilisation of joints is possible Hut 
in fractures of the tibia there is no senous problem of stilTness of the knee 
joint whatever method of treatment is used and in fractures of the femur 
where there is a senous problem of joint stiffness, the range of mo\cjnent 
w Inch IS possible in the knee joint after transfixion of tlie qii idncep> ii)iJ«clc 
at four levels is x erj limited indceil The disadvantages of tlie tcclimquc are 
(1) except in the sialful hands of Roger Anderson himself, tliere is danger of 
distraction of the fragments and clelaxcd union, or of inadequate immobiliM- 
tion of the fragments and non union, (2) m the hands of cicrx surgeon, 

'It xr*fM>n-J W I) <f«ll»rt Mwr luloooflra'lon-s IJ/ 1 Juir '>n»; Jiii ItUI 
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The Kirschncr « ires are inoorporated in the plaster, and held taut 
by button tighteners on the silrface of the piaster , the projecting 
ends arc cut off It is to be noted that a tingle pin in each 
fragment does rot arrest motement, and angulation can ntur 
despite pins and plaster Four pina are necessan, tao in each 
fragment, at an angle of 45® to each other The merit of this 
technique is not jet prosed 
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reducfion is neeessarj Such a routine is verj hannful to the healing frictiire 
It disturbs the groTvth of granulation tissue and callus exacth at the time 
tint freedom from disturbance is most important Frequent interruption 
alteration of position distraction of fragments and late operati\e inter 
1 ention are all factors irhieh senouSl 5 ' deh} imioii * Tiie purpose of 
treatment of any fracture should be to complete the final reduction of 
displacement witliui two or three days and tlien to maintain the reduced 
position continuously and mthout inlemiption In the case of a fractured 
femur displacement must be reduced by mampulation andifnecessar% heaw 
traction imder an'esthesia the limb then being immobilised in splints ■with 
just sufficient continuous traction to prevent redisplacement Hcavv con 
tmuous traction is avoided and nnder no circumstances must tlie frigments 
be distracted (pp 18 ‘^2) Similarlv fractures of the tibia must not be over 
pulled If a fracture is unstable and continuous traction is needed not 
more than about 10 lbs should be used Fractures viliich would otherwise 
unite in eight or ten weeks will after distraction unite onlv m eight or ten 
months Such a delay is entirely unjustifiable It would he much better 
to control the instability and prev ent redisplacement bj infernal fixation 

MECHANICAL REDUCTION AND SKELETAL TRANSFIXION 

Tins IS a mechanical age and mechanisation has invaded the realm of 
fracture treatment A technique lias been developed m America of trnus 
fixing both the fragments of a fractured bone with steel pins fixing the pms 
in the stirrups of a machine and then reducing tlie fracture under \ rav or 
fluoroscopic control bj mechanical traction angulation and rotation When 
reduction is complete the projecting ends of the pins are incorporated m i 
plaster cast (Figs 320 321) Altematirclj the pms mai be fixeil in the 
clamps of a steel bar which acts as in extra skeletal bone bridging the 
fractured bone and providmg all tlie fixation reqmred (Fig 288) The object 
of such treatment is to avoid the necessitx for plaster or splints and allow 
earh mobilisation of tlie joints A single pm m each fragment is inadequate 
for this piu-pose because the pm can rotate m its track and the fragment 
can rotate round the pin At least four pins must be used two m each 
fragment Furthermore if the puis are parallel to tach other movement of 
the fragments may stifi occur (fiames technique Figs 2S‘' 230) A tuo pin 
unit must consist of pins driven into the bone at an angle of 4 > 
(Roger Anderson technique) 

These methods of skeletal transfixion and maejnno reduction are of donl t 
fill ment moreover they are fraught with danger The mam advantngt 
which Ins been claimed is tint earlv mobilisation of joints is possible Rut 
in fractures of the tihia there is no serious problem of stiffness of the knee 
joint whatever method of treatment is used and in fractiii'cs of the femur 
where there is a senous problem of joint stiffness the range of niovoiucnt 
which is possible in the knee joint after truisfixion of the qtndnccps muscle 
at four levels is v ery limited indeed Tlie disadv aritagcs of the technique an 
(1) except in the skilful hands of Roger Anderson him«clf tJicro is danger of 
distraction of the fragments and delavcd union or of inadequate iminobilisa 
tion of the fragments and non union (2) in the Innds of cvirv surgeon 
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Simple type of mechanical reduction apparatus for fractures of the shafts 
of long bones In this particular machine a single transfixion pm or 
Ivirschner wire is dnsen through each fragment and then incorporate 1 
m stirrups ssUich bviuechamcal means can bo distracted angulatedor 
rotate 1 m relation to each other (He/ ft njCcmmc Ur 1 Hitler) 
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The fvirscJincr wirrs are incorporated in tl e piaster and held taut 
bv button tighteners on the awace of the plaster , the projecting 
ends arc cut oU It is to be noted that a single pin in each 
fragment docs not arrest mosrment and angulation can recur 
despite pins and piaster Four pins are ncce«aarv two in each 
fragment at an angle of 4 >* to each other TTic merit of this 
technique is not set proTcl 
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no matter how skilled there is danger of infection of the pm tracks I’m 
cautions can of course be taken to aaoid gross infection but some degree of 
Jon gnde infection of the pm tracks is inevitable it must de\ e/op sooner or 
iater In certain regions a low grade infection is ummportant hut in other 
regions it maj cause senous joint stiffness (p 58) If the treatment of a 
fracture necessitates perforation of the skin at all it is sureh better to nnke 
a proper incision use internal iuation and seal the incision under strict 
aseptic control ratlier tJian to leave a continuous track occupied a foreign 
bod\ passing from the outside air through skin and soft tissue to bone The 
method has not been received with favour in this country "\I^nJ of tlie 
traction machines which were distributed at the outbretk of war liare been 
recalled and others are nou accumulating dust m darl cupboards 


OPERATIVE REDUCTION AND INTERNAL FIXATION 

The most unfortunate innovation m the treatment of recent fiactiires 
IS routine exposure and reduction bj open operation tlioiisands of 

human lives have been sacrificed and man\ more ln\e been crippled — 
Lorenz Bohleb^ 

The contentions of Lane are sound and ha^e proved bejond question 
that when indicated and well done the operative treatment of fracture^ 
has given the best results — 0 Neill Shersian " 

Here are two diametrically opposed views ^\here is the truth ^ The 
truth is in the words uken indicated and icell done The surgeon who 
operates before he learns the prmciples of fracture treatment is lesponsihlo 
for cnpplmg The singeon who has not even learnt to operate maj ho 
responsible for the loss of lives An experience of the non-opentivc 
methods by which perfect results can be secured in the great majoriti of 
fractures is e‘»sentnl T\ith tins knowledge md with an aseptic technique 
which can be relied upon the operative reduction of ocrtam fractures is 
justified On the other band tbe surgeon who plates a fractured femur 
by an indifferent technique and then puts the patient to bed with the 
hmb uierelj supported on a pillow (Fig 322) is not capable of treating 
such a fracture bj anj method much less ba operative methods 

Disadvantages of operative redaction — ^To infect a simple fracture bj a 
careless operation is a tragedj The most scrupulous aseptic technique is 
necessarj The standards of asepsis which maj bo safe for abdonimat 
siirgerj are unsafe for operations on bones and joints Fortj eight hour 
skin preparation ten minute scrubbing up complete screening of skin bj 
stockinet or towel* no touch technique and absolute integrity of Ihi 
whole theatre staff arc the elements of this technique It is said tint the 
safest period is tbe tenth to the fourteenth daj but there can be no 
question of relative safetj or of degrees of risk ^^lth perfect precautions 
there sliould bo absolute snfetj no nsk and anj daj a safe daa 

Apart from the possibility of infection tJiero arc otJier djsadinntagos 
The stripping of muscles and penosteum which interferes with the bkfd 
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supplj of the bones and the dissemination and dilution of the fracture 
hagmatoma may delaj repair Furthermore exposure of the bone mi} 
promote intermuscular adhesion formation and joint stiffness This applies 
particularlj to fractures of the femoral shaft Whatever exposure is used 
fixation of the quadriceps muscle is difficult to avoid and sometimes the 
recovery of knee movement is delajed or imperfect 
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T1 e result of operat re recluct on of a fracture of tlie shaft of the fem r by a s irgeon ho 
tw untm in the princ pies of fracture treatment The operat on was la Ur lone and 
the pat ent tl cn lay la bed ir th the I mb on a p Ho v There » gross angulat on of t) o 
femur complete anchorage of tl e q a Incepa 00 drop foot and nn 1 cla nng nf tl e toes 

Optimum time for operative reduction — ^T! c decision that a fracture 
requires treatment bv manipulation and plaster manipulation and con 
tinuous traction or operative reduction and internal fixation should be made 
uithin a few dajs of injurj It is not justifiable to trj first one method and 
some dajs liter another after several weeks a third and finalJj adopt 
operative reduction as a last resort The principle of timing of fracture 
treatment must he respected There should be no interference with the 
healing process during the vital penod from the second to the tenth weeks 
As a rule the decision cm be made when the fracture is first cxnmmed and 
if an operation is required it is performed at the optimum time w\^n a few 
dajs of injurv Even if it is decided tint one or more manipulations should 
be tried first these manipulations si ould be completed and the decision 
made w itiiin three or four days 

Indications for operative reduction — There are three mam indications for 
operative reduction and internal fixation — 

(1) The probability that manipulative reduction will not sutcewl or the 

fact that it Ins been tried and has failed 

(2) the prohabilitj that manipulative reduction v\ill not lie mamtained 

or the fact tliat redisplacement lias actmllv occurred 

(3) the probabilit}^ that union will be slow 
■'3 
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INDICATIONS FOR OPERATIVE REDUCTION 

1 Manipulation will not succeed — ^The failure of mampulatne reduction 
may be due to (a) displacement of fragments by elastic retraction of muscles 
{b) displacement of fragments witJi interposition of soft tissues (c) displace 
ment of fragments still unreduced many neeks or months after mjurj or 
(d) the displacement of small intra articular fragments which are not 
accessible to manipulation EJasUc relractton of Fractures of the 

patella may be widely displaced by retraction of the quadriceps muscle or 
fragments of the olecranon by the triceps ninsele These fractures are to be 
regarded as bone injuries incidental to the rupture of tendons which necessi 
tales operative suture Other tendon ruptures or avulsions accompanied b} 
fractures do not necessarily demand operative treatment Fractures of the 
internal epicondjle of the humerus due to avulsion of the fle\or muscles of 
the forearm are often treated successfully by simple fleiion of tlie elbow , 
avulsion of the anterior iliac spmes by a\ailsion of the sartonus and rectus 
femoria calls only for flevion of the hip fractures of the tuberositj of the 
humerus with retraction of the supraspinatus are treated by abduction of 
the shoulder fractures of the base of the fifth metatarsal by the pull of the 
peroneus hrevis require simple immobilisation m plaster It is because 
fractures of the olecranon and of the patella are also associated mth inter 
position of soft tissues that operative reduction is usually necessari 
In/erjjost/ton of soft ttssues t7i fractures — Operative treatment is needed in 
fractures of the internal malleolus of the tibia •nith interposition of a flap 
of periosteum fractures of the shaft of the radius with interposition of the 
pronator teres tendon and fractures of the shaft of the femur >nth inter 
position of muscle In fractures of the tibial malleolus the complication is 
shown by the radiographic eandence of a persistent gap between the 
fragments In fractures of the shaft of the femur it is usualU impossible to 
judge by radiographs alone that soft tissues are interposed flie important 
test is not only that manipulati\e reduction has failed but that it has pro\ed 
impossible even with strong lateral pressure to bring the fragments into 
apposition and that tlirougbont tlie manipulation no crepitus was elicited 
Inler'posxUon of soft tissues tn dislocations — Joint dislocations nia\ he 
irreducible by mampulation because soft tissue flaps are interpo^.cf? In 
dislocations of the elbow joint the tendinous origin of tlie flexor muscles iimi 
be drawn into the inner sjde of the joint together with a fragment of the 
internal epicondyle of the luimenis wluch gi\es radiographic e\idencc of tlie 
complication mampulatue reduction cannot be Buocessful until tlio flap 
of tissue is hooked out Similarly the reduction of dislocations of the knee 
joint maj be obstructed by a flap consisting of the internal lateral ligament 
part of the quadriceps expansion and the capsule of tlie joint tom from the 
inner side of the femur and interposed between the articular surfaces of 
femur and tibia Unhke the corresponding dislocation of the elbow joint 
there is no radiographic proof of the interposition but clinical cudenre h 
available in the impossibility of replacing the bones in normal apposition 
no matter what strength is used and in the dimpling of skin over the inner 
side of the knee which occurs when strong lateral pressure is apphed due to 
the pull of underUing tissues which arc impnsoncd in the joint Alctncarpo 
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phalangeal dislocations maj also be irreducible bj manipulation because 
the torn capsule of the joint is buttonholed round the metacarpal head 
Late unreduced fractures — When many aieeks or months haae elapsed since 
injury manipulative reduction may be impossible because the fragments 
are joined in malposition by scar tissue and callus It is necessary to cut 
domi on the fracture freshen the bone ends either angulate the fragments 
into position or secure reduction by strong traction and use internal fixation 
preferably by means of a bone graft Intra articular fractures — Small 
fragments may be chipped off the articular surface of a joint and necessitate 
excision — for example marginal fractures of the capitellum the head 
of the radius and the femoral condyles Similarly fractures of tlie 
tibial tuberosities mav not alnays be amenable to mampnlatue re 
placement it is sometimes necessary to open the joint and replace 
articular fragments 

Manipulative reduction will not be maintained — Certain fractures are 
unstable and prone to redisplacement Oblique and spiral fractures of the 
tibia despite a perfect initial reduction and careful iramobihsation m plaster 
are liable to redisplacement The two alternatives which are available are 
continuous traction and internal fixation If^he surgeon can be certain 
that his aseptic technique is completely reliable open reduction and internal 
fixation IS fully justified particularly since methods of continuous traction 
often cause venous delay in the umon of fractures of the tibia {see p 19 and 
Chapter XNXV Slow Umon of Fractures ) Tie same alternatives of 
continuous traction or internal fixation are available in fractures of the 
lower shaft of the radius with inferior radio ulnar dislocation (Fig 130) 
In fractures of the upper shaft of the ulna w ith dislocation of the head of the 
radius (Wonteggia fracture dislocation) the instability is best controlled bv 
operative fixation of the fracture of the ulna In fractures of the shafts of 
the forearm bones it is usually wase to try conservative measures first but 
if the fractures cannot be perfectly reduced and the instability is therefore 
increased there should be no hesitation m using internal fixation m orvicr 
to prevent late redisplacement (Figs 332 333) 

J Umon of the fracture will be slow — Tl e most striking example of a 
fracture which can be reduced perfectly but m vrhich slow union justifies 
internal fixation is fracture of the neck of the femur Wost of these fractures 
would no doubt unite in time if carefully moulded plaster spicas were re 
applied whenever they became loose and complete immobilisation was 
continued for the necessary period But umon is often so slow that tl e 
necessary period may be as long as twelve months or two years and it is 
unreasonable to handicap an elderly patient m a plaster spica for so long a 
jieriod Interna] fixation is obviously preferable In otl er fractures tie 
likelihood of slow union is recogmsed onlv three or four months after injurv 
Fractures of the lower shaft of the tibia and humerus may show little union 
despite complete immobilisation for several monti s Tl c fracture wall 
certainlv unite if immob hsation is continued long enough but a bone 
grafting operation may be performed as a time saving measure It is to 
be emphasised however that the repair of a slowly uniting fracture 
wall not be accelerated bv open reduction and plating A plate is not an 
adequate treatment for slow union delay wl union or non umon a l»one 
graft IS neccssarv 
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SCRUPULOUS ASEPTIC TECHNIQUE 
The genenl standard of aseptic teclmique m operating theatres is still 
far too Ion It is a grave reproach that a post-operative infection rate of 
no less than 1 or 2 per cent has sometimes been accepted nith complaceiua 
The infection of one clean case m a thousand is a disaster of the fird magiii 
tude Even slight delaj in healmg redness of the skin or an\ other sign of 
nound reaction is evidence of failure The ntual of asepsis, can be learned 
onh ba training and evpenence It must be acquired as a habit subconscious 
reflex automatic fiimlj ingrained in the minds of surgeon assistant theatre 
sister and nurse AH must share the responsibilita and all must knon tliei 
share it ^ JCo single case of post-operative infection must piss unnoticed 
A disaster Ins occurred and an mquir\ should be held e\er\ detail of 
teciimque should be reviewed a skiUed watcher niaj be appointed for a 
period to drau attention to faults on the part of the surgeon himself or of am 
member of his team Onh then is the weight ofresponsibilitx full\ realised 
Theatre — One theatre should be reserved for aseptic cases Floors ualL 
furniture and eqiupment must be pheiiolised dail\ Rindous must be 
heanl} screened with gauze to prevent the entn of flies or of dust Poors 
must be kept shut No one raaj enter in outdoor clothes or footwear 
neither on operating dais nor on n&iting days Pust is the carrier of in 
fection and everj source of dust must be excluded In ideal circumstance' 
the operating theatre should be air conditioned all entering air being filtered 
and purified tlie temperature is controlled in order to prevent the surgeon 
or his assistants from sweating Ultra \iolet light may be used to sterilise 
the air * It has been recommended that not onlv the nir but al^o the 
theatre walls ceilings and all equipment should be sterilised b^ liberating 
formaldehyde in the hermeticalU sealed theatre before putting the air 
conditioning plant in operation* These ideal conditions max not nhraxs 
be attainable but much more can be done to control dui»t borne infection 
than IS now customary Vi e can stop all and sundrx from w alking in w e can 
stop tours of inspection bx heaxnlx booted officers and their entourige we 
can stop the theatre from becoming the liouse surgeons meeting place or the 
nurses recreation room we can bar entrx to all who are not suitabix clad 
Staff and visitors — Everx individual who enters the theatre must 1 e clothed 
in stenie gown cap mask and cloth boots this applxing at all times and not 
onix when operations are m progress "Masks must coxer the nose as well it< 
the mouth and thex must include cellophane sheets interposed between the 
gauze Uanj apparently normal and liealthy indn idualb are carrier» ofstrepto 
COCCI in the upper respiratory tract and the use ot imiiemous masks is of the 
greatest importance Talking ni the theatre must l>o mimmi cd coughing 
and sneezing are prohibited The cap should be deep enough to coxer the 
eyebrows which often contain staphxlococci The junior theatre nurse niii't 
not enhance her charm bx allowing strax curls to appear The patient mU't 
not he uncapped and unmasked as so often is the case and lus coiiglituk 
must be carefuUx controlled Gowns must be closelx tied at the hack noun 
stenie clothing must bo x isible Nurses and x i itors must stand back tf c\ 
must iiex er come in contact xvath instrument tables theatre sister or surgeon 
Patient — ^The site of oi>emtion and a generous area nliox e and Iwlow m« f 
be prepared repeatedlx for not less than txxentx four hours and in the case 
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of foot operations for fortj -eight hours This long preparation is needed 
because two tj'pes of organisms exist m the skin — “transients’ and 
“ residents “ Transient organisms are disposed of by a single washing with 
soap and water resident organisms are more securely dug in and t]ie;y 
demand repeated washing cleaning with ether and painting with antiseptics 
The prepared area is covered with at least two lajers of sterile towel The 
outer layers are removed in tlie anteroom and t!ie inner layer onlj w hen the 
anaesthetised patient is in position on theoperating table It is often unrecog 
nised altlioiigh it should be obvious that blankets and pillows carried from 
the w ard teeming with bacteria must in no circumstances go into the theatre 
A\itb the patient The patient must be transferred in the anteroom from a 
wardtrollej to a theatre trolIe> wath specially sterilised sheets blankets and 
pillows which are the equipment of the theatre and neier leave the theatre 
Linen * — Tow els side sheets stockinet gowns caps and masks are 
sterilised bj steam under pressure Sterile linen is taken from the tins bj 
long handled sterile lifters care being taken to avoid contact of tlie 
lifters or of the nurses aleeae with the unstenie edge of the tin or its Iid 
Operating sisters, assistants and surgeons--Suigeons and nurses must at 
all times avoid contact of their hands with infected matter * Even before 
approaching the theatre their hands must be clean their teeth clean and 
their hair clean Thej must change into sterile clothes caps masks and 
phenohsed rubber boots For ten minutes by the clock they must wash 
lingers hands and forearms paying special attention to the sides of the mils, 
the webs of the fingers and the skm creases of the wTist The hands and 
forearms are rinsed in antiseptic and dried on a sterile towel A sterile gown 
IS put on taking care not to touch the outer surface of the gown or the 8leG% es 
After the tapes have been tied bj a nurse a sterile back panel is fi\ed m 
position bs the surgeon m such a way as to cover the tapes and the gap 
between the margins of the gown which have been contaminated bj tying 
This is important m lengthj bone grafting operations where in moving from 
one position to another tlie suigeon or bister maj brush past an mstrument 
tray When fingers and hands have been waslied for ten mmutes and anti 
septics liav e been applied the skin is otenle but it does not remain sterile 
^^lthm half an hour resident bacteria previously m the pores are on the 
surface of the skm Sterile gloves must therefore be v^orn Even gloves 
do not afford full protection because aliout 30 per cent are punctured at 
the end of an operation and allowing for the hands of surgeon assistants 
and nurses there is at least one punctured glove m 75 per cent of 
operations Weed and Groves ® receiitlv found that one or more gloves Iiad 
been perforated in 3 -lOO out of 4 j 41> consecutive operations Infected 
sweat inside a rubber glove is under pressure and it is sprayed tlirough 
any puncture hole there maj be One theatre epidemic vias actuallv traced 
to a surgeons hands carrving Staphvlococcus aureus* For this reason, 
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even «hen sterile rubber gloves are v^orn special precautions must be 
taken in the handling of mstniments the arrangement of the surgeon s 
instrument traj and the adoption of no touch technique 

Instruments All mstniments must be boiled for not less than ten minutes 
and xeboiled between everj operation The theatre sister must never touch 
^^®^t:ument bj hand but onl\ with stenle forceps or lifters needles arc 
threaded n ith forceps and passed to the surgeon in a needle holder svvubs 
are handed out vnth forceps instruments are sorted vvatli forceps ISo one 
in the theatre nurse sister assistant or surgeon — must ever toiieli t)ie 
business end of an instrument such as the blade of a retractor If tins 
should happen inadvertentJv or if aiij instrument touches the pitient s skin 
it must be rebelled before use 
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Nd-toueb techmqoe— ftuswQ s iBstmment traf 
rio es are often punctured durngoperat on» ThebBDdlp9ofmstnniicntema> 
tl ereforc becoQtanuneted tbeyinuetocrercoiae ncootactu Ch the hu neex 
end of other natruments. The agigeon a tray s diniled into titt) parts The 
b SDesaendaof netrumeuta are oltrais replaced on the totouird doth %sh cl s 
never touched by hand d rectly or ndircctlj 


Instrument tray— If instruments are left Ring about or are placed 
haphazard on the surgeon s traj the handle end of one instrument is JikeR 
to contaminate the business end of another The surgeon a iTistmmcTit 
tray should therefore be divided into t«o parts b} means of a coloured cloth 
which 13 never touched bv hand and never contaminated b^ contact vnth 
the handle end of an instmnient Immediately after u*?e every instrument 
is replaced on the trav with its biisme<!3 end on the coloured cloth (Fig 521} 
No touch technique — If it is necessary to palpate the site of operation 
before making the incision contact with the patients skin must be avoided 
by cov enng it with a stenle towel or gauze As soon as the incision has Ixo^n 
made the scalpel is discarded and not wseil again The cut skin eilgcs are 
painted with iodine and stenle sitfe cloths are dipped oicr f/io ninrgma of 
the skin * Bleeding points arc secured with Spencer UcIIs forceps and if 
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Pio 330 



Fio 331 


Ifo-toacb (ecbm^e— field of operatico 

Open reduction and internal fixation «ith plate and acrcMB Note t( nt tin. pal cntBu^in I4 
comptcleJi sorrened iiilh aide Ion eb the surgeon a an ] amulAnU fan are lent wtIJ «w»> 
from the woun I by 1 mp handled forceps and tetrB<tors(Fis 330) the j late is hcl I withrpeeial 
forceps and the ecrens with special screw dnrers so tt at neilherarotoucl eill i han I (f ? 331) 
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ligatures are necessary thej are tied with, two pairs of forceps, neithei surgeon 
nor assistant ever touching the catgut by hand Swabs of drj' gauze used 
for mopping the wound are not touched bj Jiand but onj^ with forceps , 
the assistant is never without a pair of forceps in one hand for tins purpose 
Long retractors are u'^ed so that hands are well awaj from the w oimd Needles 
threaded with forceps are held in needle holders and sutures are tied witli 
forceps Very occasionally it is necessary for the surgeon to palpate the 
deep tissues for example, to examine the density of a nerve bulb or determine 
the nature of a tumour ^ He must first nnse liis gloves in strong antiseptic 
and then in saline , it is an event — an imusiial event — which occurs once 
in many scores of operations Under no other circumstance must the hands 
of sister assistant or surgeon come in contact with the wound or with 
anything which will be put into the wound 

Inttrnal fixation — If a fracture has been reduced and it is proposed to 
use internal fixation with screws or plates special precautions of asepsis 
Iiav e been recommended ® A small stenhser is kept on an instrument table 
with water on the boil throughout the operation All drills screws plates 
or nails are left in this until required Screw holders plate holders and screw 
drivers are put in the stenhser wath their handles projecting over the edge 
before they are actually used in the wound After use, these instruments 
are returned to the stenhser until required again The end of tlie screw 
driver is plunged m the boiling water after the insertion of eacli screw If 
all non absorbable foreign bodies and all instnimente which come m contact 
with them, are reboiled m this way immediately before use the dangers of 
air borne infection are minimised 

Blood-borne infection — The aseptic techmque whicli has been outlined 
aims at excluding infection from (o) dust and air {&) instruments and towels, 
(c) surgeon’s and assistants’ skin and (d) patient s skin It is also possible 
for a clean wound to be infected by orgamsras earned through the patient’s 
blood from a distant focus of infection Although tins is possible it i& 
extremely rare The incidence must be the same as the incidence of spon- 
taneous infection of closed fractures and liow many surgeons Jiare seen more 
than two or three such cases in a lifetime ^ It is of course, wise to defer 
an elective operation if the patient is sufTenng from boils, tonsillitis or similar 
infections But the possibility of blood borne infection can seldom be 
claimed as the explanation of post-operativ e infection If there i^ an obv ions 
distant source of infection the operation should not have been performed , 
and if there is no obvious distant focus the possibility is very remote 
indeed 

Lymph-borne infection — ^Altiiougli blood borne infection is tare, I\ mpliatic 
infection is common if operations are performed in the region of pressure 
sores or unhealed wounds It is not enough that the pressure sore is liealod , 
bacteria remain in the lymphatics long after the skin is repaired It is not 
enough that the operation is performed at a distance from the recently Jicalpd 
pressure sore, the risk is grave if there is any po'ssibility of lymphatic 
communication The operation should be deferred as long as possible, and 
certainly for not less than mx or eight weeks 
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METHODS OF INTERNAL FIXATION 

The fracture is exposed, callus is cleared from the fractured surfaces 
to restore the origmal serrations, and the fragments are locked by angulitiii" 
them into position OccasionaUj this is all that is necessarj If there is 
very firm natural stability of the fragments it may be possible to ■^^old the 
introduction of foreign bodies Kbthmgis more unfortunate, however than 
to perfomi an open reduction, dedme the opportunity of ensuring perfect 
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FizaCioa by laSay hose gn2t 


Upccnt /racturo of the sbafts of botb forrann bones ^lanipulatne 
reduction la un^Ati^actory (Pig 332) Itcmampulation might impmie 
the position, but in new of the wnsfaWe tno of fracture and the 
liVeliho^ of rediapTaccment, pstticnlarly of the ulna internal fixation 
IS better Thia has been eecoml by onla\ bone grafta with \itBlImni 
screws (Fig 333) 

position I)> internal fixation, and throe or four veeks later find that redis- 
placement Itas occurred If there is doubt as to tlie stabi)it_> of the fragments, 
it is better to use internal fixation The methods winch are available tiicludc 
m their order of preference, (a) an autogenous onlav or m!a\ bone gnift, 
(6) a single obhquelj placed screw, (c) a plate and screws Other jnetlioiN 
winch are not recommended are tircumferential catgut, mrc or inetaJ 
bands, and intraniedidlan lieef bone or non j>eg« IViiiclicrcr device of 
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internal fixation is used, it is to be regarded as a suture of bone and 
not as a splint for tlie bone , it supplements but does not take the place of 
external splints and plaster Recentlj attempts have been made to fix 
fragments so securely that no external fixation is needed, non n eight 
bearing exercises are practised from the beginning This necessitates the 
insertion of much more foreign material, of heavier plates and more screws s, 
and it carries a risk -nluch in the present state of our knowledge of surger\ 
and inetallurgj is scarcelj justified 
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Puatios br lolar boor gnlt 


Mai unjted fracture shaft of radius (Ftg 334’ There is 90’ of rotatioa of the fragmcaUi , 
the antero postenor plane of the -wnat coincides mth the lateral plane of the elbow After 
operative reduction aninlav bone graft wa« used fbcmtcmaf fixation (Fig 355J Cpirectionof 
angulation and rotationat di«piacnncnt has i^torcd radio ulnar lno^ rtncnt 

Autogenous bone graft — skzIfuMj- perfonned bone grafting operation 
pro\ides perfect internal fixation Although the fracture is rclati\c^ recent 
and may be in no danger of failing to unite, a bone graft has the great ad\ antnge 
of facilitating instead of hindering repair, and of Iiemg absorbed in the 
process The technique described in the treatment of un-imited fracture^ 
is followed (pp 38 45) For small bones like t!ic radius and ulna, an onlay 
bone graft should be used nith ritallium screws (Figs 3J2-3J3) In the ca«c 
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of larger bones the surgeon may choose bet'neen onlay and jnlaj gnfts 
Titalliura screws often being necessary even ^nth inlajs (Fig 105) 

Oblniuely placed screw — ^The less foreign material introduced in the region 
of the fracture the better Since the internal fixation is no more than a bone 
suture which supplements external fixation bj preventing shearing and 
rotation movements oblique and spiral fractures can be dealt with aerj 
satisfactorily bj ziieana of & sin^ screw transfixing the fragments (F^gs 
33G 337) In the case of a ery long oblique fractures it is sometimes advisable 
to use more than one screw The fracture is reduced and tlie fragments are 
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FizatiOQ by oUiaQ«ly placed screw 

Five neets old fracture of tbe shaft of Ibe radius vith inferior radioulnar dislocat on 
This injury is very unstable Bedisplacement within the plaster has been provented V y ouo 
vitaK u(n transfision scren 


Jield With a Lowman s or Bendixen bone clamp The correct axis of the screw 
must be carefully chosen as nearly as possible at right angles to tlie plane of 
fracture and through an equal thickness of bone on each side TJie track 
is drilled It is important that the drill should be exactlj equal to tlie root 
diameter of the screw, if it is wider than this the sereu threads u/d not 
fuUj engage m the bone Tlie exact length of screw required is estimated 
from the penetration of the dnll The screw is driven home snugh but not 
tightl_j. To prevent subsequent loosening the screw should bo of non 
corrosive non electrolytic metal such as vitalhum ^ * It should bo a 
tapping metal type of screw, not a pointed conical wood varietv which 
engages less tightly at the point than at the head Since the screw is com 
pletely buried and is non toxic, it is unnecessary to remove it 
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Plate and screws — hen the fracture line is horizontal one screw cannot 
transfix the fragments and if for anj reason bone grafting is not^mploj ed 
a plate and not less than four screws must be used (Figs 33S 330) The 
points to be obser^ed in the operation are (1) absolute asepsis and no touch 
technique (2) accurate reduction of the fracture and the use of a good bone 
clamp to grip the fragments (3) a strong plate of non corroding metal 

(4) self tapping screws of the same metal as the plate to prevent electrolysis 

(5) drill of the same dimension as the root diameter of the screws (G) drill 
holes perfectly centred in the holes of the plate (7) at least one screw 


Fuat on iy jilate and screws 

united fractures of foresna bones vith orerndio^ of radius an 1 inferior radio ulnar 
d alocation The tad us required open reduct on and in view of the inatabiLty a stamless 
St el platiS and acie.wa vas This ts leas aatisGtctnc; than accuratn houn gcaftin^ 

but more effect ve than an impe feet graft 


on each side of the fracture long enough to engage wath the opposite 
cortex (8) screws finniv but not tightly driven home, (9) suture of 
penosteum but not of muscles and (10) complete external fixation by 
plaster casts 

Encircling suture with wire or band — ^It is tempting to immobilise a 
spiral or long oblique fracture with encirebng wire or a Parham s hand 
Perfect fixation can bo secured but the technique is unsafe Tiie pressure 
of tlie metal causes absorption of the iindorljjng bone and refractiire at this 
level has been reported many times If the dcxico is iwd it is advi«?ablc 
to remove the metal as soon as the fracture is united 

Encirchtig catgut suture — Even a strong catgut suture tied tigJitlj round 
a bone can cause sufficient bone absorption to produce an almost spontaneous 
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fracture In one personal case after a leg sliortening opention where 
fixation of the Z cut fragments had been secured h} circular sutures of No o 
catgut a fracture of the femur uas sustamed exacth at the level of oie 
suture five months after operation while the patient was walking in a calliper 
splint wath guarding leather 

Intramedullary ivory peg— The insertion of an ivorj peg into the medulla 
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Internal fi^al on w th mass e beef bone rntramedidlary peg This s 
not reooaimended Ten jeaia later (Fg 341) Ihe peg s still 
ncomplctely absorb^ 

of the fragments secures accurate apposition and guards to some degree 
against angulation but the peg blocks an important source of gr nuhtion 
tissue growth and delaj g repair Moreover it is an inadequate 1 one 
suture for it does not prevent rotatory movement of the fragments Small 
pegs are absorbed and disappear but large ina'ises of ivorv are n coiuplefcl} 
absorbed and remain as an inert mass m the bone (rigs 310 341) 


CHAPTER X 


OPEN AND INFECTED FRACTURES AND WAR WOUNDS 

Tor inanj jears theaurgerj ofwounds and open fractures has been dominated 
by a ritual of antiseptic therapy 1 he object of treatment u as the destruction 
ofbactenabj chemical agents Coal tar derivatives d3es halogens mercunal 
preparations acndine compounds and other antiseptics uere employed 
First aid ivorkers applied iodine and medicated dressings casualty surgeons 
tried to sterihse the wound after treatment included dressing viath antiseptic 
lotions cleansing ^iith hjdrogen peroxide packing with bismuth iodoform 
paste and flooding inth Carrel Dakin irrigations Day after d-ij and even 
week after oveek the antiseptic attack was continued 

The limitations ol antiseptic therapy — It is not difficult to prove that 
such treatment was both unscientific and unsuccessful 

1 A general protoplasmic poison such as phenol is fatal to all non sponng 
micro organisms but less destructive antiseptics may be almost specific in 
their action Staphylococci are intensel> susceptible to violet djes uhereas 
streptococci are less susceptible and gram negativo bacteria are highlj 
resistant Haemolytic streptococci are inhibited bj the acridine compounds 
but staphj lococci are not B py ocj aneus fiounsbes jn the presence of most 
antiseptics but is destroyed by I per cent acetic acid to which other bacteria 
are resistant These selective actions may be of practical aalue when the 
organism has been identified but the routine use of one antiseptic for all 
infections and the continued use of antiseptics uithout regard to bacteno 
logical findings is obviously irrational 

2 An antiseptic may be capable of destroying microorganisms uliile 
they he on the surface of a a\ound but uatlim a feu hours of injury tiicy 
no longer lie on the surface The tissues ha\e then been invaded and enor 
mous numbers of bacteria arc multiplying in deep cellular layers in fascial 
planes and intermuscular spaces far beyond the reach of surface applications 
The limit of tissue penetration for most antiseptics is a fraction of a inilli 
metre ^ and even if Carrel Dakin imgatmg tubes arc buried m the recesses 
of a wound cavity they are still on the surface of the vv oimd remote from the 
deep layers m winch tlie organisms lie 

3 Even the control of surface infections is lost within twentv four to 
forty eight hours because the continued application of anv nOMOiis agent 
which is not wholly lethal allows onl% the more resistant bacteria to survive 
Succeeding generations acquire an increasing resistance until thev lose all 
susceptibility and become babitnatcd 

4 jSot only arc antiseptics limited in their power to destroy bacteria 
and certainly incapable of destroying bactena thev cannot reach but they 

‘ L. r Garrod Action of tiitlstpUra on Wo ttils tannt 1910 I SIS 
»03 
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are toxic to tlie cells of the imaded tissue as uell as to the hactern tv Inch 
are invading the tissue TJie more potent an antiseptic in destroying bacteria 
the more certain is its destruction of leucocydes The normal defends against 
infection depend upon leucocjdes riirthermore destruction of lellcoc^ie^ 
and other living cells hherates tryptic ferments reduces the antiti^ptic 
quahty of blood and blood fluids and reduces the inhibitory poyver of thc^e 
fluids over the groyvth of sero saproph} tes which include nearly all the 
organisms of pnmaiy yround mfeotion 

Antiseptics are harmless when apphed to the resistant surface of tlie 
shin they are of value m pre operative slan preparation when apphed before 
the infliction of a yyound and of possible value in first aid treatment ulien 
apphed shortlj after the infliction of a uound but when applied re]>eatedh 
day after daj and yyeek after ueeV to the delicate cellular surfaces of injured 
tissues they are both useless and harmful 



Fio 342 

Tlie Thomas is the ideal first it J spl nt for aoy Ion er Lmb frseturo It is 

appLe 1 before remoying the boot c tt ng the trousers or dressing the noun I 


Principles of the treatment o! wounds’ — Tlie fit Id of antiseptic treatment 
IS prophylaxis After the firet few houn> treatment must l>e coucoiitmlcd 
not on destruction of the invading organism hut on promotion of the 
normal defences Behold a sower vent forth to sou And it came to pass 
as he Sowed some fell on stony ground where it had not much earth and 
w’lien the sun was up because it had no root it withered away And otJ or 
fell on good ground and spring up and increased fiome thirty some 
and some an hundred A wound with necrotic debri'* fragments of clothing 
and otlicr foreign bodies m its doptJi and wath croslied av ascular dev itah cd 
tissue in its wall is gootl ground in which the wd of hactern will spring 
up and increase A wound protected from furtlier soft tissue injury b\ 
immobility from which foreign matter and dead tissue Jins been cxci ed "dh 
vascular pulsating walls of living ceJL free front the necrosis of iiijuroU'* 
chemicals is stony ground jn which the seed cannot tnl o root 

Firsl-uid treafmef I — ^TJio primary object of first aid treatment imnt 1>C 



OPEN AND INFECTED FRACTURES AND WAR WOUNDS 205 


the protection of soft tissues from further injurj and devitabsation the 
immediate application of splints In the lower Jnnb a Thomas sphnt is 
applied before the boot is removed or the trousers cut ^ ^ and before the 
wound 18 exposed (Fig 342) A clove hitch round the ankle a metal skewer 
through the boot or a "Millbank chp on the waist of the boot (Fig 343) 
IS used to pull dowTi the foot towards the end of the sphnt In the upjier 
limb Cramer wire metal gutters or improvised splints are employed 
Dressing of the wound and the apphcation of antiseptics are of secondarj 
importance 

Emergency treatment — The general resistance of tlie patient must be 
increased by the treatment of primarj shock wound shock and haemorrhage 
The local resistance of the injured tissues must be promoted bj early excision 
of the wound This emergency operation can seldom achieve sterihsation of 
the wound its object is not simply to remove infected tissues but to prea ent 



Fio 343 

Tile Millbank cl p by which traction can bo applied through tl e pitient b 
ehoe or boot * 


the survival of bacteria which remain bj restoring a free blood supply to 
every wall of the wound remoaing foreign bodies and necrotic debris 
excising dead and djing tissue controlling li'emorrhage, dividmg deep fascia 
to permit swelling of muscles without strangulation, and in late cases ht 
establishing free drainage m order to prevent tension and impairment of 
circulation 

After treatment — ^Ihe purpose of after treatment is again to promote 
both general and local resistance general resistance is increased by anti 
toxin therap 3 and chemotherapj , local resistance is increased bj continued 


' In tbe war of 1011 IS the Introduction of theThonas spUnttothc fmut tine and its anpK atlon eien before 
tho dressing ofwounds reduced the luoitaBtriC gniBbot ftactures of the femur Ron SO to *0 per cent 
Ambrose LnrkvocMl Some Lxpcrlcnecsln Uw J>st War UnZ Htd Jour 1940 L3SQ. 
liy this simple and loBcnious le cc the foot ran tw imllfd down towards tltr lowermd of aTl o ux» *pll t 
it springs on the margin of the sole just below thaln-tep Umochl sadl fruit to api If than aakm r thrwiat 
the boot can casUv apiUo 1 b) sense of umrh in II e bbeV-mt and automatical!} keeps 'I r> f int uj at th« 
right angle an 1 i te^ents rotatory i ovei ent oflbe 1 n b Ihonrigi lal clip was <1 ilwrj J \ Dr licto \(l td 
iied Joar 191“ I U>ll)ai I i fled by It tot Moniu (llnl We-f Ju r 1910 I l > 
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immobiUtj of injured bones and soft tissues elevating the limb to prevent 
cedemi and avoiding the ti««sue necrosis of repeated dressing wit]) iniiinoiis 
antiseptic chemicals * •* 


PRIMARY SHOCK, WOUND SHOCK AND HiEMORRHAGE 


Primary shock is a condition of collapse which may occur after an\ 
injurj It IS similar to fainting and responds rapidly to treatment bv 
recumbency warmth relief of pam ind the administration of stimulants 
Slore severe injuries which are accompanied by eTtravasatJon of iluid into 
tissue spaces or hiemorrhage and fluid loss from open wounds cause secondin 
or wound shock which develops insidiously after some hours and niai 
prove fatal ® 

Physiological basis oE wound shock — Reduction in blood volume due to 
fliud loss causes general vasoconstriction which usually succeeds m mam 
taming a normal blood pressure if tlio loss of 
volume IS less than 2 pints If the loss is 
greater the blood pressure falls and the com 
bmed effect of intense vasoconstriction and i 
falhng blood pressure is to dimmish the tissue 
circulation If this is not restored npidh 
oxygen lack causes permanent tissue damage 
with mcrea‘!ed capillary pemieabilifcj and an 
escape of plasma into tissue spaces Tho jier 
meation of colloids increases the osmotic pressure 
m extravascolar spaces until it is greater than 
that withm the blood vessels and fluid Joss sinj 
then continue even despite replacement of tho 
blood bv transfusion The death cycle of shock 
IS represented m Fig 344 Treatment nui^t 
begin before tins vicious circle is established 
Three degrees of wound shock may be diJTerentiated chnicaJh — 



Climcal condition 
Pulse (per mmute) 
Systohe pressure 
Blood volume 


Orovp I 
Good 
90 110 
Over DJta 
Over 75 per cent 


Group II 
Senous 
100 140 
70 00 mm 
63 75 per cent 


Group III 
Dangerous 
120 ICO 
GO mm orH- 
50 65 per cent 


The nomial Wood volume is 9 pints and whereas a Joss of about 2 pintf 
which reduces the volume to 75 per cent of normal may can*-© onli slight 
sjanptomatic disturbance a further loss of 2 pints which reduces the 
volume to 50 per cent gives nse to abnormal capillarv permeation and a 
condition so serious that recovery w exceptional lltc restoration of Wood 
volume IS therefore a matter of urgency and tlie I pint trinsfusiojis of 
the past were inadequate In mild eases of h’emorrliagc and voiiiu! shock 
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at least 2 pints of blood are required and in se\ ere cases 3 or 4 pints are 
necessary Recent ivork indicates that transfusion of solutions of dried 
blood plasma or serum is even more effective than transfusion of uliole 
blood ^ ^ There is no lack of ted blood cells on the contrary the blood 
IS already concentrated hy the escape of plasma The important loss js 
that of plasma protein and not until this is restored and the osmotic 
equilibrium regained is continued fluid loss prevented 

Clinical recognition of wound shock — Profound shock is easily recognised 
by the rapid thready pulse weakness coldness pallor cyanosis of lips 
ears and nails cold sweating drj tongue vomiting and intense thirst 
Recognition is more difficult in the early stages at the tune when treatment 
must be instituted It should be suspected m every case of severe injury 
when? the skin is pale and cold and the pulse rate is over 100 A ten or 
fifteen minute pulse chart should be kept and differentiation of the degrees 
of shock based on the rising pulse rate and general clinical signs rather than 
on the falhng systolic blood pressure Even in severe shock the blood 
pressure may be sustained temporanU by intense vasoconstriction onl^ to 
fall suddenly and rapidlv if the shook is slightly intensified ha anaesthesia 
or a further small loss of blood 

A more accurate early diagnosis can be made by blood examination 
An increase in the cells to plasma ratio or a rising b'umoglobm percentage 
indicates hiemo concentration due to loss of plasma through the capillary 
walls and ig the earhest sign of wound shock It differentiates shock 
from uncomplicated hosmorrkage where tliere is li®mo dilution and it is an 
index of the severity of the shock H«mo concentration of J20 per cent is 
ominous and of 140 per cent grave In the terminal stages shorth before 
death it niaj rise to 100 or ISO per cent 


Treatment of Wound Shock 


More Jives maj be saaed by first aid in the resuscitation ward than b\ 
skilled Burgerj in the operating theatre Secondarj shock is usuallj pro 
\entable and although tlie emergeno operation of wound excision is urgent 
the treatment of shock must take precedence during the first few hours 
after injury 

Pirst-aid treatment mcJiides (J) the arrest of hajmorrJiage by firm 
pressure bandaging over the wound and sometimes but not often b\ a 
tourmquet above the wound (2) immediate splinting of the limb to prexent 
pain and local plasma loss due to movement of a fractured bone (1) protec 
tion from cold b} blanl ets under as well as over the patient (4) raising the 
foot end of the stretclier (5) giving w ater or tea freely and repeatedlj (except 
in tlio case of abdominal wounds) with half a teaspoonful of salt to the pint 
of fluid and (6) relieving pam and restlessness by morphine labelling tJic 
patient witli tJie dose and the time that it was administered TJio arrest of 
hairaorrhage is of great importance but local pressure should usuallv bo 
relied upon and first aid workers must be warned of tlic dangers of toiirin 
quets Inadequatelx applied tourniquets increase the hcemorrJiagc and 
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overlooked tourniquets nia^ ctuse gangrene (p 129) '\{ore limbs and 
lives are lost bj the improper use of the tourniquet than are saverl In iN 
proper use ’ (Douglas JoUj ) ^ 

Treatment m the resuscitation ward — The uard must be uell heated 
and as qmet and sheltered as possible Wounded men are exhausted from 
pain sleeplessness fear and prolonged exertion before uoundm", thei 
require complete rest Ilefc -ind dirtj clothes are cut off mrni clothes are 
put on, and the bed is heated bj hot bottles hot bricks radiant heat baths or 
electnc blankets The foot of the bed is raised b^ blocks about 12 in high 

Relief of pain and i estlessness — If pain is sexere and no luTnotic has 
alreadx been given § or I gr of a morphine salt is adnumstered subcutane 
ousi} When the circulation is feeble the intrax enous injection of | or ^ gr 
mice of sterile uater has an immediate effect but it must be given sIoiiJi, 
the injection occupying at least one minute 'Morplune is often given too 
sparmglj to be of real value but since it max cause depression of the 
respiratorj and cardiovascular sj steins a full do«e should not be followed 
by a second dose in less than four hours Altematix elj , the less 
depressing preparations dilatidid to -jV gr) or omnopon to | gr) 
may be used 

Coi rechon of dehydration — ^Evetj shocked patient xxho is not unconscious 
or suffering from abdominal wounds must be urged to drink repeatedU and 
copiously Warm sxxeetened tea or coffee is better than water and it should 
contain half a teaspoonful of salt to the pint If the patient is unconscious 
or there is persistent vomiting rectal salines should be given or intravenous 
glucose sahnes w ith 10 luiits of insuLn to the pmt * 

Administration of oxygen^ — Oxxgen m high concentration helps to relieve 
tissue anoxia and it should be given bj an inhalation apparatus to all patients 
with cyanosis of the bps ears or nads especially if the respirator} ongen 
intake is reduced b} pulmonary oedema or chest injun Injuries due to 
explosion in enclosed places may be complicated b} carbon monoxide 
poisoiung and require tiie inhalation of oxxgen with > per cent carbon 
dioxide to promote deep breathing 

Restoration of blood volume — ^Tlie earlier the blood xolume is restored the 
better the prognosis From 2 to 4 pints of whole blood * or biimaii pla*ona 
are required according to the seventx of the shod ® Tlie tramfusion mu^st 
be gixen xxath the least possible delay and it maj be continued ns a drip 
trinsfasioi} throughont Die operation of uoiind excision • 

l/i^j UcheJ In f/usio — hit i t lijtu: rmtl — lor the fir<t fc« h>s otter fnH'V'ixc 
tran«fu« on the poMibil tv of hxatolys « lup to mi match ag of hi kxI bih 1 he l» rj c in nuncl 'll t 
symptoms are secoadary collapse 'wiU • cold clammj skin tlyspnma an I vomiting folloicil I v 
transient jaundice increasing oLguna an I fnaliy anuna lui to blocking of the renal tubt lex iiitj 
acid hsematm from the foreign 1 sraoglol m Tl c onne must Ik> alknl m-sed a mittiirv of p< law utn 
c trate (gr sxv ) sod um b carbonate (gr xx* ) avrup (aixxx ) wafer t<> li or g 'en (rally J mr 
or fire tiiuex in twentr four hour* If anuria penjets for f rtv eight I ours Balm with 3 jvf cent 
pot ct ondSpercent sod bicarb «houl 11 egi\en by inlrarenous drip the saline transfusion is to 
lie f eont niie I ai soon as poss ble bcca I'e (hm isdar err of p Ininn^n <r Icma an 1 can! ac niluri 


Treatment of the wound — Absorption of the toxic products of hsctcrial 
infection loners the patient’s vitabt} and aggravates shock, go that surgical 
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Ttp cal toreiga bodies of «ar wounds 


Fia 34 1 — \ p ece of tubular glaw n the pntm Fio 346 — Fragn enta of ooil nthohanl 
of a )»rabe I r Ian the *ha Jowe are Jenae fcersu e tl e frapmenf are p e -e of pJa ter 
hth fron a roof F o 34 — Typ cal peppered wound itl m n t roetull o fragme ti taltooo<l 
nto (be soft t <sues 
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Fic 349 li 3-0 


laical foretgn bodies of war wounds 

Fit. 345 — Cs/ujon shell ound with shattcnig of Lone tnsft} mefsHjc fragnJCHtJt, »n 1 
bubbles of H r blown nto thet vnirsfnotgas^n^nc) Fin 34*1 — Mllslxinbwo J 
the fore gn body (si own in the nset) m tl e eap of tl r bomb hio 3 j<V— incen I if} 
I Iletwound after no s onoftlewoun (andentr^ofn r rombu t n of the pho phon » 
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treatment of the ■nound must not be postponed too long One of three 
surgical procedures is indicated — 

(1) If the operation is performed within twenty four hours of injnr\ — 

excision of the wound and light packing with gauze (or in 
special circumstances suture of the skin but not of the deep 
lasers) 

(2) If the operation is performed later than twenty four hours after 

injurj — free incision of infected tissues and draimge bj light 
packing uith gauze 

(3) If the mam blood vessels are destrojed and gangrene is imminent 

or there is massive gas gangrene — amputation 

TREATMENT BEGUN DURINQ THE FIRST TWENTY-FOUR HOURS AFTER 
INJURY— EXCISION OP THE WOUND 

Tho technique of operation is similar in wounds of soft tissues wounds 
involving bones (open fractures) and wounds involving joints (open dis 
locations and penetrating joint wounds) The prmciples of treatment are 
the same whether the injury is the result of domestic accident motor car 
collision bullet wound bomb or shell explosion or falling masonry In 
normal civilian life it la customarj to distinguish fractures compound 
from within where the skm is simply punctured by a sharp bone fragment 
from fractures compound from without uJiere the skin and muscles 
are crushed and the uound is probably contammated In uartime such 
a distmction is dangerous Bomb fragments often cause small punctured 
skin wounds which nevertheless are associated with severe internal injury 
and gross contamination 

I^eUnunary radiographic examination — Accurate pre operative localisa 
tion of foreign bodies is of assistance in planning tlie operation of uoimd 
excision (Pigs 34') 3o0) \\ henever jcossible wounds should be radiograpljed 
before excision particularly if the probable cause of injury was fl^lng glass, 
or bomb fragments and there is a wound of entry but no wound of c\it 
Repeated radiograpluc examination iiiav be iiecessarv 

A civilian was injured by bomb explosion The wound of entry was in tho 
upper thigh hefow the greater trochanter hut tfere was no wound of exit Radio 
graphs of the hip joint and pelns showed no evidence of foreign body Further 
radiographs of the whole length of the thigh were also negative A third series 
showed a bomb fragment m the left upper quadrant of the abdomen Exploration 
revealed a punctured w ound of the descending colon which w as successfully sutured 
Without full pre operative X ray investigation the surgeon would 1 avo b^n faced 
with an almost impossible task m his effort to follow the track of tho wound 

Aneesthesia — Gas nnd oxygen with ether is probably the anesthetic of 
clioico but since tlio reduced ovygenatioD of tissues wbicJi is characteristic 
of wound shock is aggravated bv cyanosis and asphyxia gas should bo 
given only by an expert anaesthetist In other circumstances open ether is 
to be preferred Chloroform is dangerous and spinal an'csthesia very 
dangerous Wany patients have died on the operating table owing to the 
use of spinal an-esthesia for operations on war wounds of the thigh and 
other injunes associated with profound ^ock 
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Towmquet— No tourniquet is to be used because uitb a bloodless field 
it 18 difbcult to distinguish bving vascular tissue vlncli need not he e\ci od 
from dead avascular tissue vhieh must be excised 'Moreover tlic blood 
supplj of the u ound must not be reduced even for the thirtj or fortv minutes 
of operation Defence against infection depends almost entirely on tlie 
blood supplj The tissues are alread} devitalised andifthej are eompletclv 
deprived of blood for half an hour or more bacterial grou-tli is encouraged and 
infection maj be estabbsbed 


Excision of Soft Tissue Wounds and Compound Fractures 
Cleaning the skin — Clothes bandages and first aid dressings are remoi ed 
the wound is covered with sterile gauze and the shm is cleaned over a wide 
area with ether spirit and an antiseptic such as CT^JB or iodine The 
surgeon then changes his gloves and screens the skin wath sterile towels 
to wathiu ’ in of the wound margin Skm seldom requires wide excision 
it IS usuaUj sufficient to remoxe a I or 2 mm strip 

Excision of fascia and muscles — ^The skin wound must he enlarged m the 
long axis of the limb m order to expose deep tissues adequately and a\oid 
the necessity for heavy retraction and bmrowang m undennuied pockets » 
Incisions on each side of the limb max be needed for injuries due to explosives 
where there is a small wound of entry on one side and a large wound of exit 
on the other \\orkmg systematically from superficial to deep layers tlie 
wound is searchingly explored and bruised tags of fascia and crushed muscle 
are cleanly excised with a sharp scalpel or scissors Alteration in the ajqiear 
ance and colour of muscle loss of contractility on mechanical stimulation or 
failure to bleed demands wade excision of this most xmlnerible tissue partiou 
larly when gas gangrene is suspected Intermuscular spaces are opened and 
blood clot IS evacuated Deep fascia is freely divided in the long axis of the 
hmb in order to permit the subsequent snullingof muscles waCliout strmgwla 
tion Care must be taken to axoid injury to mam blood vessels and nerxes 
Excision of foreign bodies and bone — Fragments of bonib-c‘i‘*ing shell 
bullet clothing leather wood grass mud or other foreign bodies must be 
removed Bone fragments completely denuded of soft tissue attatlinicnts 
are carefully lifted out but no bone xnth adherent soft tissue is to be reniox cd 
No matter how flimsy the attachment and no matter how precarious tlio 
blood supply bone must not be removed if it is not completely loose There 
must be no question of dissecting the bone, or roughh txnstmg it from tlic 
ound Excision of xvhole segments of the sliaft of a long hone is paiticuhrh 
serious owing to the danger of non union and prolonged incapacity (p 
The hone must not be scrubbed * No strong antiseptics are introduecil the 
w ound is not irrigated and it is not curetted 

Burying foreign bodies in the wound — Since one of the mam objects of 
■operation is the removal of foreign bodies it is difficult to find jastificution 
for the bimal of other foreign b^ies such as wire screxvs or plates Exen 
sterile catgut is an imfant winch causes scro fibrinous esudation and incrcaiics 
the danger of infection Tlie less catgut buried in the wound the greater 
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Etctsion of soft tissue wound and compound fracture 
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the likelihood of first mtention heabng Hiemostisis c-^n iisinll\ be achieved 
by applying arterj forceps to everj bleeding point and twisting them off 
at the conclusion of tlie operation Onl;^ hrge vessels need ligation witli 
thread or fine catgut 

Suture oi nerves and tendons — Severed ner\es and tendons should not be 
sutured except m the case of cleanlj incised wounds due to fl} mg glass which 
will iieal bj first intention Onl} when the surgeon is quite sure that the 
wound wjl] Jieal without infection is be at libert} to suture ihvidcd nerves 
Even exploration with the object of deciding whether or not a nerve is divided 
IS seldom advisable iii contaminated wounds If a wound becomes infected 
no advantage has been gained by the suture of nerves or tendons and it 
may well be that if suture material Jiad not been buried infection 
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Compound fmeture of both leg bones treated bj otc s on vavlmo 
gauze pack drainage and elosed plaster There « as aerere uifret on 
and complete immoblsation sras nece*=S8ri for ten inontl s (for 
rod ognipl s tec Fga o 7J 

would liave been avoided It is bettei to concentrate on thoroiigli 
excision and to perform «iecondarv suture after the wound is healed 
(Figs 3oJ Jc;4) 

Suture ol muscles and deep fascia — In no circumstancts js it peimivsiblo 
to suture fascia? muscles periosteum or other deep lav ers of the wound Jsot 
onlv is catgut an irritant foreign bodv which promotes infection hut swelling 
and expansion of tissues must lie jiennitteti without risk of tension nml 
impairment of the circulation It is particularlv important therefore to 
avoid the suture of fascia free division of this membrane is nn 
important step of the operation of wound excision eertainh it must 
not be sutured 

Prophylactic chemotherapy — \Mien wound excision is c< niplcte a 
measui-ed quantitv of powtlercd sulphanifaniidc is scntforcil cvenlv through 
out tlie cavitv • or hloiwi m with an iiisiifflator from -> to 1 gm is used 
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according to the size of the wound Prophylactic chemotherapy must not, 
however, take the place of u ound excision The protection of chemotherapy 
IS totally inadequate as compared wath the protection of surgical excision 
Moreover, there can be no support for the vieu that when chemotherapy is 
available the operation of uound excision is no longer urgent and cm be 
performed at leisure Tins view is unsupported by clinical experience and 
untenable on theoretical grounds Experimental eMdencc shows that the 
action of sulphonamides is inhibited by dead muscle * and inhibited by pus 
fluid 2 Chemotherapy supplements but does not take the place of wound 
excision It is an added protection e8peciaU\ valuable in controlhng the growth 
of hxniolydic streptococci and Cl « elcliii and most effective « hen given before 
infection is established As an alternative to local uonnd treatment the 



Samo M Fig 3^3 The tibiaUs ant«nor and extensor hallucis longus 
tendons had been serered and irero tepatred after eighteen months 
The patient now pursues all normal actirit ea and recreations 


drug may be given by mouth — 2 gm ax soon as possible after injury , follou cd 
b\ a I gin tablet four hourly for a period of from seven to fourteen 
day s * 

Suture of the skin — In sucking vtounds of the chest and penetrating 
Mounds of the brain immediate skin suture is imperative, in Mounds of 
joints skin suture is often advisable m other wounds skin suture is never 
imperative and seldom advisable If the vtouiid does not become infected 
the gam resulting from suture of the skm is shght acceleration of healing and 
perhaps a neater scar If the wound does become mfeefed the loss resulting 
from suture of the slun may be spreading infection gangrene amputation 
or death No matter how skilfulh an excision has liecn performed the 
surgeon can never bo certain whether the wound vmU become infected or not 
Is he justified in gambling when the stakes are a neat scar against an 
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amput'itecl limb ? TJie ansuer cannot be m doubt In t}ie clennU incised 
and relatneU imcontaminited ^\onn(la of normal ciMlnn life imincdnte 
suture of the skin after w ound excision ma3 be safe in penetrating crushing 
uounds and in the uounds of war immediate suture of the skin cannot be 
safe buture of the skin is ver\ seldom justified in wounds of the fingers 
theie IS so little margin for swelling that tension and therefore infection is 
almost certain moreover excellent apjiosition of the skin margins can be 
secured bA bandaging alone Suture of the skin is never justified in wounds 
of tlie foot I have never jet seen first intention healing of a severe pene 
trating wound of the foot Suture of the skin has no real advantage in 
wounds and compound fractures of the leg thigh and upper hmb If it 
seems certain tint the wound will heal without infection cover it witli gauze 
and let it heal if it is not certain that the w ound w ill heal v\ ithout infection 
gentlj sepal ate the walls with a light gauze pack and let it heal in 
neither case take the unnecessarj risk of suturing the skin At all costs do 
not half suture the skin do not Kj m strijis of rubber w Inch admit infection 
even more certainlj than they dram it 

Application oi plaster — A long line of inenders of the maimed m British 
medicine — Hunter Hilton Hugh Owen Thomas and others — taught tl at 
inflamed tissue is capable of dealing vnth its enemies unaided jf kept at rest 
The ments of the closed plaster treatment for vvoimds alreidj infected was 
proved bejond doubt bj I^imiett Orr The merits of the closed plaster 
tieatment for excised wounds m vvhich it is Iioped to avoid infection has been 
proved bejond doubt bj Tnieta If the blood supplj of the limb has not 
been jeopardised if the viound has been adeqintelv excised and no hvor 
lias been sutured — neither muscle fascia nor skin — the ideal treatment 
whether the injiirv is a wound of soft tissues or a compound fracture is tho 
application of a plaster cast which ensures complete rest (Figs SIS *106) 

The probable explanation of the striking success of this treatment is 
indicated bj recent experimental work ‘ Capdiarj endothelium of blood 
vessels is resistent to bacteria infection reaches the blood stream bj tho 
hmplntie circulation and an> factor wliicli diminishes the flow of Ijmph 
assists in localising the infection If a limb is immobilised tho flow of h mpli 
almost ceases It is muscle contraction and particularh joint movement 
viinch squeezes infection into the lymphatic meshwork TJie joints above 
and below the wound must therefore be immobilised No window should be 
cut in the plaster There is no need to dress the wound indeed one of the 
great merits of enclosure of an excised wound in plaster is that it cannot ho 
dressed Frail capillaiv cells tear readilv and wait with pouting mouths 
for further organisms a dressing with the gentlest hands is then like the 
tramplmgs of elephants feet * 

Elevation of the limb — ^As soon ns the patient is back in lied tiie limb must 
be elevated For at least ten davs after operation it is kept on a plane higher 
than tlic trunk and never allowed to be dependent even for sliort intervals 
Gravitational mdemn increases tension witiim the plaster it delavs healing 
of the wound and it promotes stiffness of the joints On the other hand 
joints which are susceptible to stiffness even joints of tlic fingcis retain 
their mobihtj despite un mobilisation in plaster for tw o or throe weeks prov ided 
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that constant elevation of the Umb is maintained so ngorousU that the 
tissues are never once soaked m the sero fibrmous exudate of cedenia 

Excision of Bullet Wounds, Peppered Wounds and Shrapnel Wounds 
Tliere are three exceptions to the rule that the whole u ound tnck must 
be excised and all foreign bodies removed In uounds inflicted bj hard 

bullets of high velocity it is 
often sufficient to excise the 
small uound of entry and the 
equally small imund of exit 
because the tnck is cleinlj 
j drilled the destruction of soft 

f tissues IS nimiiml and foreign 

'f bodies are seldom left m tJie 

wound An Air Force pilot 
was shot in the palm of the 
■■ : • ha ad and the bullet having 

travelled almost the whole 
length of the limb hj beneath 
the triceps muscle in the upper 
arm Not one muscle tendon 
arterj nerve or bone was 
severed The bullet was re 
moved and the wound i/i the 
palm excised but the track r» 
tlie foreann and upiw arm 
was not exposed Heabng was 
by first intention and despite 
deep JiTmorrliago in the fore 
arm and causalgia of t)ie linnd 
due to median neuritis grathi 
nted finger exercise prevcntetl 
stiffness or contracture and 
reeoverj was complete wafhin 
eight weeks In a second group 
of cases total excision is not in 
dicated becau«!e minute foreign 
bodies are tattooed over a waiJo 
area (Fig 3 >7) rim peppering 
faj tin> spbnters caii'ses minimal 

devitalisationoftissucHandrapid 

healing usually occurs de&pite the foreign liodies In a third group larger 
metallic fragments are 8C<attered so diffusely over the limb that ncarlj cvcr> 
muscle is involved and it would be an utter impossibility to evcise ovoo 
wound (Figs 3oS 359) Any of these fragments inav come dcvatalisotion 
of tissues and therefore infection but the problem is to be met by incision 
and drainage ratlier than In excision 

Excision of Joint Wounds 

Iho mobilisation of acutely inflamed joints wbicli was advocated m the 
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Lead sbot wound sustained during clay p geon shooting 
1 racticc Esc "i on ol all foreign bodm is obnoasfy 
imposs ble 
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Ftos 3 iS-3j9 

Moltiple sbnpnd ” wounds 


Over fifty laetalLc fragments are scattered througho it t! c tl pli an 1 leg T1 e 
mmutc fragments are unjrnportsnt larger /ragntent* eatise (iorital «atinn and 
therefore infection but they mast nec«sarily be dealt aith bv incmon and 
drainage complete eTcuion u impossible 
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Hst TV "xr bj W illems lias now been abandoned It is as reasonable to 
attempt to cure a fever patient bj kicking him out of bed as to benefit joint 
thsease bj vTigghng at the articulation (Hugh Owen Thomas) If the 
principle of continued and uninterrupted rest is obseiied joints suffering 
gra\e injury and contamination are far less prone to disastrous seque)-© 
than was hitherto believed This has been confirmed bx recent experience 
uath ciTihan casualties m bombed cities Among the most gratifying of 
cases have been penetrating rounds of joints and particularly of the 
! nee joint These wounds are much less likely to become infected than 
wounds of muscle and cellular tissue In aieu of this relative immunity 
there is justification for primary suture of joint wounds which have been 
excised within the first six or eight hours (Figs 360 363) A few intemiptcd 
sutures are inserted m the capsule and the si in is sutured The limb should 
not be enclosed in plaster The closed plaster technique is perfectly safe 
when wounds are widely Hid open and drained but it is not safe when tlie 
wound IS sutured It is true that constitutional signs the temperature 
chart and the pulse chart are the most reliable evidence of infection But 
It sliould also be possible to inspect the region of the wound It is better to 
use a Thomas splint or plaster slab until the danger period is passed The 
second reason why sutured wounds should not be enclosed m plaster is that 
first intention healing is promoted by dryress of the skin and exposure to 
the air and it is hindered by the moisture of serous discharges and a sodden 
dressing "Maceration of si ui round the sutures promotes secondary infection 
by si in organisms If the wound is dried by exposure to the air this secondary 
infection is prevented and first intention lieahng is secured in a far higher 
proportion of cases A clear distinction must therefore be draarn M ounds 
w hzch are not sutured may be enclosed in plaster with safety W ounds w hich 
are sutured should not bo enclosed m plaster they should be freely exposed 
to the air 

If more than six or eight hours hare elapsed between wounding and 
operation there is danger of infection of extracapsular cellular tissues but 
still a likelihood that the joint itself will remain free from infection It is 
advisable therefore to excise the wound and suture the capsule but to leave 
the skin unsutured A light gauze packing is inserted the joint i§ im 
mobilised and the limb is kept under careful observation Ihe alternative 
measure when there is doubt is to excise the wound pack the joint and wound 
with gauze and prepare for secondary suture after ten days or a fortnight if 
no infection develops Knee joints which I ave been widelv packed open witJi 
vaseline gauze for two or even three weel s have regained normal movement 
and almost normal function after secondarv suture In other cases where 
a low grade infection has made it advisable to continue tl e gauze pad 
closed plaster technique and secondarv suture has not heen perfonned 
surprisingly good movement and function has sometimes been rogajnod 
(Tigs 3GS 370) 

If more than twenty four hours have elap<iovl since injurv the opportunity 
for wound excision has passed Tliere must be no question now as to the 
correct line of treatment Contaminated tissues are frcelv inciseil hut not 
e\cl'^ed the joint IS drained no layer is sutured neitlicr captulc nor skin 
drainage of the wound and the joint is vccurwl bv packing with gauze tlic 
limb IS immobilised in plaster (Tigs 364 JG7) 
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Closed plaster tedtaanue for isfected jouit nouads 

Pent t rating wounJ of the hnec joint romptrateii b> eeptic arthritis an I (nafotJ } i frrt 
inei^ion into the front of ll r jwni »ml sD{>ra}intHUr js uch the pt<trn meil il an 1 «1 >• 

postero lateral compartments (Fig 3M) The »duih1s are 1 '•htlepaeke I oj>cn with 'as«l ne 
gaure and a plaster spica is apj lied (fig 3ri.>) 
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Exosion ol Skull Wounds 

Wounds of tlie scalp, especially uar uounds, are potentially serious 
because the wound is often more extensive than first inspection would 
suggest and if there is an associated injury to undeihing bone and brain 
there is a strong predisiiosition to infection Whenever possible these cases 
bliould be treated experienced ncnro sui^eons in fully eqiupped theatres 
Early excision of the vvound is of vital importance particularly when there is 
evidence of underlving cramocerebral injury Cniciate enlargement of the 
wound IS inidequate there must be wide exiiosure by means of large scalp 
flaps Blood clot and extnided bram matter are removed by means of a 
sucker Fragmented or devitalised bone is freely remov ed Unlike compound 
fractures of the limbs where wade excision of bone has unfortunate sequelrc 
defects in the skull due to radical treatment can be repaired with relative 
ease T3»c dangerous sequel is not non union but infection There must be 
no hesitation therefore, in removung bone which is contaminated or devita- 
lised The dura is opened Damaged brain tissue clot and bone fragments 
are sucked out of the cavity Haemostasis is secured by clips or chathennv 
coagulation The dura is then sutured The exposed area must be covered 
by sound scalp which has been carefully sutured If scalp tissue has been 
destroyed m the region of the wound, flaps, should be swung into position 
even at the cost of denuding other areas where periosteum and hone are 
uninjured tliese areas heal by granulation and can be skm grafted at a 
later date 

Excision oi Chest Wounds 

A penetrating wound of the chest is a serious emergency Tvyo types of 
wound are to he diffeientiated (1) valvular wounds winch allow entry of 
air into the pleura] canty during inspiration but prevent its exit during 
expiration, thus causing a tension pneumothorax (2) sucking wounds which 
allow free entry' of air during inspiration, and free exit dimng expiration, 
thus causing an open pneuinothoiax In each case excision of tlio wound 
and airtight clo&ure of deep tissues and skin gives rapid relief Deeply' 
placed silkviorin sutures including skin muscle and deep fascia, should be 
used A moist diessmg is applied or a dressing of gauze impregnated v\ith 
paraffin emulsion If there is a tension pneumothorax, a short wide hore 
needle is inserted into the pleura tbrougli the <!ccond intercostal space, 
2 in from the margin of the sternum If necessary flie needle is left m 
position and connected with a water seal bottle 

TREATMENT BEGUN LATER THAN TWENTY-FOUR HOURS AFTER 
INJURY— INCISION AND DRAINAGE 

If more than about twenty four hours have elapsed since the injury was 
sustained, infection is already established in cellular ti'»sues, fascial planes 
and lynnphatics Excision of the wound cannot prevent infection On the 
contrary', a searching exploration for foreign bodies may ojicn fresh tissue 
planes and disseminate infection more widely The keynote ol operation 
must be incision, not excision (Figs *171 J73) The skin wound is enlarged, 
deep fascia is diy ided, muscles are separatwl in intenmisciilar planes and hone 
is drained exactly as in the operative treatment of osteomyelitis Foreign 
s6 
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bodies \\bich are easih accessible should be reraoved but the object of the 
procedure is to dram the uound not to explore it Everi undermmm" 
track IS laid open b} incision of over Ijing tissues The surgeon slioul 1 u t 
his finger to explore tlie track in Older to be certain that no recess cleft or 
pocket remains in u Inch discharges can accumulate and decompo c Digital 
palpation is recommended, despite the requirements of no touch technique 
that a finger should nea er be put into the wound imnecessanh the import 
ance of complete saiicensation is so great as to override the oljeetion 
Rubber drainage tubes should not be used \ot onh maj tlie\ cau e 
secondary h-einorrliage by pressure on the walls of blood vessels but tJ ei 
should be quite unnecessary Tlie wound should be so fieeh incited in the 
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Wrong war (’I astag Uie dosed plaster techaiQue 


Infect on tad teen In nrd br tbw short nc sions \* tL long rtnpa of rubUr j 1 ed 
nto tho ntercommum at ng traces The 1 nib was IJ on enclo ed in pi slcr I cn ll o 
phstcr as remoied and <Je rubber afr ps withdrawn pus poured out from a enomoor 
ab cess extend ng from ankle to knee T1 e rubber dam ha I been pi n" the ine ^lons 
rati er than dra nmg (he o n I ^aee F g 3 4) 


long axis of the Imib tint the in'sertjon of a rubber tube n impossible fiectu c 
it falls out Tlie surgeon who insists on using abort inci'nons and till es or 
rubber dam strips must not emplox tlio dosed plaster metl od fl c si ort 
incision IS always unwise but when enclosed m plaster it is dangerous it i 
unwise because a 10 in incision heals just as quieklj as> a 2 in incision 
it 15 dangerous under plaster because the rubber dam so often pings tl< 
drainage wound and causes spreading infection (Figs t"! }7S) 

Wlien tbe wound liay been freeh laid open vaseline giuze is liglitK ami 
genth placed m the cavita so that the walls are kept apart Tins is iisuilli 
described as packing the wound but the woril pack is unfortunate l)craii«c 
it giaes a fake impression of tight plugging nctnalh the giure is in«cHM 
quite loosel} The nature of the pack is unimportant ns compared with tl c 
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operation 'winch precedes its insertion Vaseline gauze * is recommended 
because it is non irritant and the e\en pressure of its mass pre\ents cedema 
and ex^cess granulation Senim and pus track, to the surface between the 
granulations and the pack w Inch is gradually pushed out as the w ound heals 
from the bottom Trueta " recommends plain gauze and an unpadded plaster 
without skill protection belie\ing that dischiige is suclvcd out of the wound 
through the gauze into the plaster Such capillary action, if it exists at all, 
must cease within a few hours Aloreoxer plain gauze tends to become 
enmeshed bj the granulations and unprotected skin rapidlj deaelops a 
purulent dermatitis It is better to protect all skin o\ er w Inch pus w ill flow 
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Closed plaster tecbmqiae for mfected wounds 

One month later (lig 3"7) the skound looks pnieMime but it is non tine<l mill healtln 
pranuhtions Rnd not necrotic ti«si»e moreover its t> rt is d le to ch«tic rctraeti n of ikin 
(not (Icstniction <>ffc)iji))anO jt wiM Iberef re puJl fojmtlierrapi 111 non list infeetjoji m con 
trolletl \t the next change of plaster onU «eici» »e»ks liter (Fig S's) tl c noun 1 n almost 
compktcli healed it nas pcrf«c<I\ senn I nhen (he list pfistrr was nmoveil in December 
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AFTER TREATMENT OF CONTABIIKATED AND INFECTED WOUNDS 
BY THE CLOSED PLASTER METHOD 

The practice of draining an infected wound hi mde incision, enclosing 
it in suitable dressing, and refraining from meddlesome interference imt 
practised manj years ago by Gamgee It was dei eloped as the closed 
plaster treatment of infected fractures and osteomyelitis by llmnett Ort^ 
in 1014 18 Since then it lias been used routinely by man\ surgeons ^ and 
its merit is well established It was finally de\ eloped m the Spanish War 
b\ Tnieta ^ who proved the value of tlie method m treating excised uonnds 
even before infection nas established 

The principles of treatment are (/) continued diauiage uilhoul dressing 
until the uoitnd ts healed and ( -') continued tmmobiUsaUon lulhoul disturbance 
until the fracture is united Tlie plaster soon becomes stained with blood 
and purulent exudate, pus may' track over the skm and be discharged from 
the ends of the cast, and a foul smell develops These are not milications 
for changmg the plaster If there is no fever and no toxic reaction tlic 
wound must be healing 

Control of smell — The unpleasant smell of accumuhting discharges may 
be masked by applying iodoform, mercurochrome, eucalyptus or creosote 
to the cast, or by sealing it with viscopaste at each end and latex paint and 
cellulose ov’er its surface The simplest and best method of controlling 
smell is to enclose the u Jiole limb and plaster in a bag constnictcd of doth 
with deodorising properties, such as the matcnal known ns “filter cloth“- 
mcdical 

Change of plaster — After five or six weeks an nii'csthetic is giien while 
the phstor is changed and the wound dres«ied ruJJ aseptic precautions 
and no touch technique should be used, and care must be taken to avoid 
movement of tlio bone fragments Tlio wound w ill be filling from the bottom 
with healthy granulations which have partly pushed out the pick Trag 
ments of sequestrated bone which are visible m radiographs or presentmg 
in the wound are removed and vasebno gauze is again packed Iighth into 
the cavity The slvin is gentiv cleaned with ether and protected oiico more 
witli vacelme gauze A new plaster cast is applied Subsequent changes of 
plaster are continued at six or eight weekly intervals until the wound is 
healed and the fracture united 

Skeletal traction and wedging of plaster — ^During the first few weeks, 
repair of the fnctuie is so delayed by infection that tho position of the 
fragments is relativeh unimyKirtant, and even if reduction is inijierfcct it 
IS better not to change the plaster or to wedge it pith the object of ‘■ecnring 
final adjustment of alignment and appotiition On the other band, after 
five or SIX weeks when infection is controlled and liypcricmia is subsiding 
granulation tissue grows and calcifies with increasing rapulitv, and accurate 
reduction is essential When the plaster is changed if the fragments arc 
still oi emding skeletal traction should be used oxacth as jn closed fractures, 
infection of the pm track being avoided b\ cleaning the skin tlioroughH 
and sealing the punctured wounds with collodion Chock ridiographs are 
taken the next dav, and if alignment of the fragments is not ficrfcct, tho 
angulation must be corrected bv wedging the 2 >kaster (p 174) 
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Complicahons — Imperfect drainage — ^The pntients temperature must be 
•u atched carefuHj It should rai^e from subnormal to about 99® or 99 5® F 
If the temperature rises acutel\ to over 100® F it means that the original 
operation has failed to dram the ovound or that a secondary pocket of pus 
has developed The plaster must be remoaed the oiound reopened and 
adequately drained and a new plaster applied after light packing with 
^ aselinc gauze 

Burning pain distant from the wound is due to dermatitis from inadequate 
vaseline gauze protection of the skm The plaster must be changed but 
plaster immobilisation siiould not be discontinued e\ en if purulent 
dermatitis has developed The skm infection will heal and the burning 
pain disappear if the skm is protected with vaseline and \ aseline gauze 

'Secondary hcemorrhage — ^The clinical features of secondary h'emorrhage 
due to erosion of the walls of blood vessels are no less certain w hen the 
limb is enclosed in plaster than when it is open to full Mew The sudden 
on'^et of severe tearing pain is accompanied b> a rising pulse rate and signs 
of collapse Morphine should be given and the foot of tlie bed raised It 
may be necessarj to remove the plaster explore the wound and ligate the 
bleeding yessel (see p 114) Blood transfusion is adMsable It is seldom 
that the main artery must be ligated and amputation is not indicated 
unless repeated secondary hjemorrhages are otherwise uncontrollable Iho 
Winnett Orr method with ya«ehne gauze pack and no drainage tubes is 
less likely to be complicated bj secondarj h'cmorrhage than other methods 
where drainage is less perfect immobility 's less complete and rubber tubes 
cause pressure erosion of blood yessel walU 

Sequestrectomy — Every time the plaster is changed and the wound 
redressed bone sequestra which haye separated should be lifted out As 
a rule all sequestra have been removed during the first two or three months 
If a sinus still persists it is obvious that a sequestnim must be present 
even if radiographic examination shows no evidence of it The sequestnim 
may not consist of bone It may be a piece of wood leather or clotbmg 
material which casts no shadow in the \ ra\ film* Tlic wound must bo 
explored and the foreign body removed Sequestrectomy is not however 
a scraping operation and a surgical spoon is not used at all If the foreign 
body can be exposed by soft tissue dissection wathout chiselling bone the 
wound y^ill heal within two or throe weeks (Figs 384 387} On tlic other 
hand if healthy bone is chiselled and still y\orSB if the bone surfaces are 
■scraped an operation for the removal of one sequestrum y\ill certainly 
produce several new ones and will fad m its object 

ihe presence of a sequestnim m the region of a fracture causes persistent 
low giade infection with resulting livpcn?mie decalcification and delay m 
union of the fracture It is important therefore to remo\e the dead bone 
as soon as it is separated from living bone and certainly within two or three 
months of injury Sequc&trcctomv is often followed hy striking accclcrifion 
in the reoalcihcation of callus and union of a fracture w Inch for iiniu rnontlis 
had been indolent and iraetiic There is howcicr one evccption If the 

Unusual saquntn T n luUo ins n fl I fremi Bt f I rl K iItt rt1>eT»|I kI » l nil r 
tinuH u furp ira bexi n -i] f rn < | (re(l in 3i( la tl in tBur « rer nrrn I thni' U t 
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sequestrum consists of the Tvliole thickness of the slnft of a long bone Us 
remo\'il should be defened imtd sufficient bone i ns been hid douii ns nn 
involucTum to pren ent collapse of the periosteal tube It is the sniue principle 
of treatment -which applies to the total e-^asion of nil hone frngments at ti c 
time of -noiind excision nnd to the trentmeiit of acute osteomyelitis by 
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Closed plaster tecbnique alter masswe sequestrectomy 
Seq e tnim con t ng of -4 n of the el aft of tt c fen r g 3 0) ren o e I aft ran n 
loluerum had forn cd o that co t n tvofbono as a red <P»g '}^0) an 1 f o cl I 
un nt miptel ran obi sat on nt I sound un on \ntlout si orten ng lal take pice 
(F<t ?S?) TJepafenf as n p M an 1 hen<ni «e U fuH fly n'*cnfeg J» 1''t) 

dinplnsoctomy Ann opcrntion -winch allows collapse of the pcriosftnl tiih 
nnd obliterntioii of the subperiosteal iifinatoina is IileK to cnit e 
union iiitli a undo gap ffetneen the fngTnents often necessjtnting a dilhn It 
bone grafting operntioii and sometimes causing serious shorten ng ^ 
limb It is not nccessan to wait for the imolucrum to be <•< inplctc and f f 
tlie bone to unite round fl e sequestrum this imgl t woH in\< he a dthi o 
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tTiehe months or too \e%ts As soon ns subpenosteil ossification is cMdent 
in tlie radiographs the operation can be performed 

Even ulien it is nece&sary to remove 4 or > in of t)ie shaft of the femur 
sound union <f tjie fracture can be secured uithoiit shortening provided tJnt 
special care is taken to immobilise the region continuoush and uitliout 
interruption (Figs 379 383) It is pirticuhrlv important to maintain tins 
continued protection throughout the time of operation and of everv sul se 
quent redressing or replaster A single careless movement breaks the soft 
callus and if movement is repeated whenever the plaster is changed the 
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Closed plaster tecboKioe after tnassire sequestreetomr 
Same ca e (If Fgs 3 9 381 F" 39 *J o s iJ e o n I «t tie first cJ anjre of ph ter nr o 
niontl after gwjuostr ctom^ F g 3^3 w *t tho htco d cl ange of plaster nnl nc n ntl 
!at r I^rge "o n Is lue to retract on of «1» n (« tl out dcstrs ct n of sk n) 1 pal rap 11 
ui der pi strr as soon as nfc t on i-< conlrolletl 

fractvire wall never unite Before operation the patient is fixed in positum 
on a traction table vvitii a strong pull from a skeletal pm m the bone to the 
traction screws of the table Jlie site of fracture is supported to prevent 
even momentarv backward sagging While traction and fixation i-' 
maintained tlic sequestrum is removed tie wound Iiglith packet! with 
vaseline gaurc and a dotiblt, j ln‘der spica applied incorporating t!ie friction 
pm Two or three months later when the pla«:ter is to lie changed the 
skeletal pm is again fixed to the traction table and the thigh is supfiorted 
while tlie plaster IS ehaiigetl It mav lie necesv,irv to continue the protection 
unuitcrriiptetllv for six months or longer but if care is taken to avoid am 
single movement tlie fracture will unite 
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Fig 3S 

Closed iilaster techoKtue after sequestrectom; 

Tl o piaster IS heavily etainod and lltrre 14 often s foul ERtfll (Fifr 3SC) Ne\cr 
theless the wound is liealins. beneath the plaster Sie N^eeks after operati in at 
the fir«t change of pb“ter the wouni is almost conipkteh healeil (!: p 2H7) 
1 latter immob hot ion contwines until tic fraelure M united 
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PLASTIC SURGERY IN WOUNDS AND COMPOUND FRACTURES 

The closed plaster treatment of nmmds and compound fractures is of 
jnestynable \ahie in controlling infection assisting the muon of fnctiiie" 
avoiding interference -mth the growth of bone and promoting tlie growth 
of granulation tissue But the closed plaster treatment doe» not jiromotc ihe 
gioi\th of epithelium Indeed the flou of pus over the surface of a hiiih 
uluch IS not protected h\ \aseline or petroleum jellj causes digestion even 
of normal skin it ma^ gne nse to evtensne ulceration Smularh the 
grouth of epithelium over a granulating uoiind is hindered rather than pro 
moted bj bathing in pus and enclosure m piaster Pus is detriment d to 
epithelial groudh 

\ clear distinction must be dnun betueen large nonnds due to the gaping 
of incised skin and large woimds due to the destniction of skin A uoiuid 
jiroduced b\ incision of an abscess or infected bone uhich is packed open with 
gauze maj measure 10 in in length b^ J or 4 m m width NcvertliclcS'. 
the wound heals rapidlj as soon as infection is controlled even whtn it is 
co\ered with plaster It ma\ be liealed completclj within about si\ weeks 
not because new epitlielmm has grown but because elastic contraction of 
tissues and firm support of plaster have encouraged approMmation of the 
gaping margins of the wound (compaie Pig 377 with Fig 378 and n) o 
Pig 382 with Pig 383) On the other hand if skm Jias been deilroycd 
o\er an area 10 m b\ 4 m healing can take place onh bv the growtii of 
new epithelium Par from the wound being healed in si\ weeks muu 
months will now elapse and healing will be delated still longer if the 
wound IS enclosed in plaster and bathed in pus It is clear therefore fiiat 
w hen skin has not been destroied treatment the closed plaster technujuo 
m&\ be continued to a conclusion bv the time infection is healed and the 
cavitv IS filled with granulations the slan margins wall be approMuwted 
and healing complete But if skm has l>cen destroved it u unwise to 
persist wath the closed plaster method after the cavitj is filled vnth gmmili 
tions and in the case of compound fractures after rccalcificatioii of Itonc and 
union of the fracture Epitlielialisation can be secured more rapuilv In other 
methods Rapid grow th of epithelium is of great importance becaiKc w ithoHt 
it a nciona circle niai be set up which prevents the wound from Jicaling at 
all ' In normal healing gramilation tissue and epithelial tissue grow 
simultaneoush As the wound becomes older joung granulation ti"UC i» 
replaced bj avascular fibrous tissue K the growth of tpithchinn has not 
kept pace with the development of mature fibrous tissue the gruhinlh 
dummshing blood suppK produces an mcreasmglj unfavour ihle ha‘C for 
the spread of epithehum Infection recurs epitliehal growth is still further 
impaiied more fibrous tissue is de|K)sitcd and tbe cvcle rcjicds itself 
indefimteU In some regions notablv over the subcutaneous surfice of 
the tibn v\l!ere the underlving base is bone and not muscle so that tlicre 
IS no assistance bj elastic contraction of tiie v\oun<l carlv <icla\ m 
cpithelialisation maj give rise to a chronic ulcer wliicli persists for months 
or vears The destroved skin should he replaced hi skin grafting before 
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this ^jcjows cjrcJc is set up prefenbJj at the time of woiwr] e\c]sion or nt 
tlie Htest at the time of the first change of plaster Onh in neglected cases 
IS skin grafting required after union of the fracture 

Skin grafting at the time of wound excision — Ihe be^t dressing foi an 



] 1C JSJ 

Bunyan bag iecimique \ 

Wien Rkin !■» ilctrojcd rapid healing dots not ocrur un |er ph^tcr an I Rkin 
grafting H lies e-wan InfeotK>nnni«tfi»tU.contr< lie Ian 1 antiseptic jmgiti n 
in n Ilunjan bag i« sometimes t «efi! {Trt^ri'^hJ tr nj Cnnmnnrfer i; H-r > 

ovcisetl Mound is skin and if skin has been destrojed the ideal time for it'> 
replacement is the tune of the priroarx operation The conditions of healing 
then approMinatc to norma! and the atoiind bcaJs uithont fibrosis or con 
tractiirc A thick razor graft ( intennetlmte ’ or ‘ split ” graft) is cut from 
the medial or lateral aspects of the thigh with an ordmir^ kmft nith 

27 
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Fio 391 

TeclmiQue ol split slan gratting 

T1 c granulation tis»m h\cr w c\cj «1 (I R 390) \ «>pl t ekm graft li cut from tl c tl J 

H-idi « Humly la fc{Fg 391 ) 
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lio 3J3 

Technique ol split akm graltm^ 

TJ c sl^in gmrt w sprei I on tulfo gras Sulph-imbm le powxler i$ massiiscj iii(o f fii. w oun 1 
(Fig 39’) Firm IS apjl ed ly nepeor panz^ baniaging o\er m»n\ la\cri of wool 
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r'lzor sharp edge or more easil} with a Hllmb^ knife and hid directl\ in 
the excised tissue Such grafts take lerj nell on muscle cellular ti>- 5 Ue or 
periosteum but they seldom take on hone which has been deprned of its 
perio«teum or on tendon deprived of its ‘ilieath 'Sometimes large n\iil cd 
daps ma\ be sutured back into position with safet\ but when tlie 1 ise of tlic 
flap is not suflficientl^ wide to ensure m adequate blood supph tlie flap 
should be denuded of all fat until the hose of the coriura is e\po«ed ''O tliat 
it IS comerted into a full thickness skin graft with fliS shglit ad\antnge mer 
a free graft of its attached base and limited blood supply 

Skin grafting over granulations — the opportunih for replacing de tro\ cd 
slan at tlie time of the original wound excision has been missed a skin giaft 
lna^ bo apclied to the granulating wound at anv later date The impi rfant 



Fio 

Pedicle skm grafting 

Ulcers cuer bare bo e or tridon need a. iJol thictnrss prafi Irarstcrred n« « 
pedicle flap from the opp<« tc calf The flap m st not I e i ore than I alf as 1 ^ 
a? 1 18 brot I 

conditions for succe«s are freedom from infection wiucli destroy s t) e ^l m 
and firm fixation of the graft to its bed Control of ti fectioi — ^ti>ph\loioccnl 
infection is relatiselj hanwlcNS but skin grafting is vekloni successful m tl“ 
presence of the ha?niolitic streptococcus Tven npait from the dinger <f 
lifting of tlie graft h> inflanimatoix exudate grafts which at first apjicir 
to he buctessful often undergo late ulceration and dcstiuction 15 jnoo\ancn« 
mni also ciuse failure the graft liecorning thick and greasi in nppciniHO 
and finilh being remoied ns a slough rhice incisures are n\nilill< I" 
which to control infection (1) when there is no fracture gross iiifictiin 
inai he controlled bj sahnt or Jij’poclilorite irngition tlie Uuiisaii i ng 
tcclmique IS useful becaii-e the woimcl is irrigated at intcriaK without 
exposuie and trauma of the griiuilnting surface (I ig-^ ths {S9) (i) r- the 

first step of the op''ration gniniilations are shaied oH witli a shaiji scai)'il 
or rayor this excision of infected granulations down to tin lihi 
l)j eliminating tlie pus producing tissue increases the percentage taki < 
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skin gnfts from little o\er 0 per cent to nearly ^10 per cent (3) after 
evcision of the granulations and control of hojiuorrlngc firm pressure 
nith adrenaline packs sulphanilannde ponder is gentl\ massaged into the 
noimd base Chemotherapeiitac control of the liTmolytic streptococcus 
has marked a great ad\anee in the success of skin grafting operations 
Pressure of the graft on t^s bed — The second factor hj nhich success is deter 
mined is firm pressure of the graft on to its bed The graft must not be 
lifted bj the exudate of infection or ba h'cmorriiage Tins is achie\ed (and 
general handling of the graft assisted) b\ spreading it outer skin surface 
donn on a lajer of tulle gras or laselme gauze uhich is then turned oaei 
and firmly pressed on to tlie prepared l>ecl Pressure is maintained ba the 
firm application of alternate lasers of nool and crepe bandage If the Mound 
IS associated -with a compound fractuie plaster is then applied It is wise to 
change the plaster at an earlier date than would otherwise be airangod 
after ten dajs the wound is cleaned of eviidate and pus it is powdered with 
snlplnnilamide firm pressure is leapphed and the hmb is rephstered 

Late skin grafting — In late cases a split skm graft may still be used but 
when the wound lies o\er exposed tendons or the subcutaneous surface of the 
tibia a direct transference w hole thickness flap is often necessary To co\ er a 
defect o\er the tibia a flap is cut from the opposite calf left attached l)\ its 
base (which must be at least twice as groat as its width) and stitched in 
position over the excised area The two legs are fixed by means of plaster 
in such a po'iition that there is no strain on the graft (1 ig 304) TJio base of 
the flap 18 cut from the normal leg after three or four weeks (or longer if the 
circulation of the flap is m doubt or if exudate has tended to raise the flap 
from its bed) Tlie raw area on the opposite calf is cotered with a razor 
graft fiom the thigh In wounds, of the upper Iimh a whole tlnckness graft 
liny be transferred directh from the abdomen or chest 

Skin grafting in delayed union of compound !ractures—Thc healing of a 
chronic ulcer m the region of a fracture has the further ad\ antage of accelerat 
mg delayed union Recalcification of callus is delayed by infection and 
infection may be maintained no less certainly by an unhealed ulcer than b\ a 
'sequestrum or bone abscess This acceleration of union is sometimeh eery 
striking in old compound fractures of the tibia Imon which has been 
delayed for many months is often consolidated within a weel or two of 
compJeting the skrn grafting operation 

OTHER APPLICATIONS OF THE CLOSED PLASTER TECHNIQUE 

“ Degloved ” extremities — If skin is torn from a hmb a xacelme gauze 
plaster may be applied in order to prexeiit the dexelopmcnt of defomutx 
while new epithelium giows or skm is replaced b\ grafting A man of 
fort\ two sustained sexere laceration of the foot XMth ixulsion of tlie four 
outer toes and the w hole skm tliicl ness of the dorsum of the foot It }i id 
been proposed to nm|witate the foot but the great too and its nutntaisaj 
were uninjured The x\ound was exci«md a plaster applied with the 

foot in right angled dorsiflexion and aftei two xieoks skm grafts were ajqilicd 
to tlie dorsum of the foot Oloseil plasters were rcipphcd at intervals until 
tlie wound was healed Although the man now has less than half a foot bo 
has the great toe w Jnth is tlic most import int part I licrc is no contracture 
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or deformity, he 'nalks ‘mtli a normal heel and toe g'^it, and has done heivj' 
labounng Tvork for e)ght jears t»jth the Joss of onJj one week owing to 
temporary ulceration of tlie skm 

Severe pressure sores — ^Lirge jsloughing bed sores o\er the sacrum, iliac 
crests or other bonj prominences can be treated safel> beneatli a closed 
plaster, tlius permitting continued immobilisation of fractures, dislocations 
or infected joints If Aaselme gauze is applied and care is taken to mould 
the plaster smoothly the pressure sore will not increase but will slowly heal 
The closed plaster treatment is not, however, advocated for pressure sores 
unless immobihsation in plaster is needed for some other reason, because 
more rapid epithelialisation can be secured by other methods and particularly 
by skin grafting 

Burns and Iracturcs ol the same limb — Pilots and other members of air 
crews often sustain burns and fractures of the same limb (Figs 39 j 396) 
Vaseline gauze is applied to the burnt area, and the limb is treated by 
manipulation and plaster exactly as for a closed fracture Even deep burns 
of the derrms and whole thickness of the skm heal perfectly beneath the 
vaseline gauze of a closed plaster The techmque may also be indicated 
when there is no fracture If the lieahng of a bum threatens to produce 
joint contracture, the limb may be immobibsed m plaster m the corrected 
position, and the granulating surface will heal without contraction of the 
scar iloreoxer, skm grafts may be applied and coxered with vasehno gauze 
or " tulle gras ' and the growth of new epithelium continues despite 
enclosure m piaster 

Infected amputation stumps — It is often advisable to treat in infected 
amputation stump by light jiacking of the wound with vaseline gauze and 
enclosure of the whole stump and the proximal joint in plaster The im 
mobilisation controls infection and rehexes pain, the support accelerates 
lieahng of the wound and the plaster prevents flexion deformity of the stump 
If there is fear of secondary haimorrhage a small window inay bo cut m the 
plaster over the mam artery, so that bleeding can be controlled wlnle the 
plaster is remoxed and the xxoiind explored (Fig 403) The closed plaster 
treatment is particularly useful in the hand xvlien sex era! fingers are destroyed 
If only one digit remains uninjured, wlicther it is a finger or a tlninib, ex cry 
effort must be made to proxide a stump against xiiuch the actixe digit can 
be opposed If, as in tho case shoxxn in Figs 397 309, the thumb is not 
seriously injured, one finger should be preserxed exeu if it is completely 
shattered and its tendons totailj'^ destroy e<l Proxnded that the blood sujiply 
IS adequate, the shattered finger is enclosed in xaseline gauze and plaster 
and fixed in a suitable position opposed to the thumb Tho resulting stump 
xxiU be inxaluable ‘'imilirlj, a tlnimb xxitb intact blood supply should 
always bo preserxed exon if bones arc gravely’ comminuted, joints injured 
beyond hope of useful inoxemcnt, tendons destroyed or exen skm axulsed 
Skin can always be replaced by grafting, damaged bones and joints heal 
beneath n closed plaster, and exen if the stump is completclx rigid, it 
will more than double tlie u«cfulne«s of any mobile finger which remains 
Even if all fingers are lost, it is worth preserving a thumb and ammging 
later for the fitting of a prostJie':i'> against which the thumb can grip 
(Figs 400 402 ) 
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Closed plaster techniqtie alter amputation 


Anincenlan clroi I'f I from » Iximlx r tl «« t I it onr of o ir n nr\ft tx I w and 1 « Mnko an 
ol«?r\crs J an I (Tie actual t»oml> at on in t ft dO’) Onl\ lie th imb ci ul I l>e aaioj 
1\C mii(% OB'* { n\ei fe<{ } » (} e elctscd {Itster methyl « tv 11 n/•( mwanH r \rmtt ant 1 
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Fig 403 

Infected amputation stump treated by closed plaster method The window has 
been cut in case of j^ieondary haemoirha’c 
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CHEMOTHERAPY 


I he introduction of salvar^an h\ Ehrbch in 1904 marked the opening 
of a nen epoch m medicine— the control of infection organic chemical 
pi-oparntions Thirty >ears elapsed before further progress -nas made The 
antibactenal poiiers of azo djes had been noted bj Eisenfaerg in I9Id but 
not until 1935 was it reported by Domagk that azo compounds mth a 
sulphonaraide group controlled streptococcal septic'emia in mice Twelve 
months later it aias proved that this therapeutic effect was due to the 
sulplionamide group and not the azo dye The sulphonamides have now 
been shown to hare specific action on the /S hTsmolj'tic streptococcus 
meningococcus gonococcus and pneumococcus and some action on Cl 116101111 
Cl septique and other anaerobes the staphylococcus B coh B pjocvaneus 
B proteus B antliracis and S actinomyces 

Sulphonamide drugs — ^Tbe drugs most commonly used®^ are (1) 
sulphantlaimde (p aminobenzmesulphonamide sulphonamide P con 
sulanjde or prontosil album) and its soluble derivatives soIusepta«sine or 
M A B 137 and streptocide winch may be given by intravenous mjechon 
(2) sulpkajjyrtdtne ® 01 A B 693 or Dagenan and its soluble sodium salt) 

which is absorbed and excreted more slon)> than sulphamlamide is more 
likely to cause i omiting but is of greater potency against the pneumococcus 
meningococcus and gonococcus and (3) sulp! aOna-oh (tluazamide or 
M A B 700 and its soluble salts) uhich is the most effective m staph} lococcal 
infections and infections uith Cl welclui and Cl septique Other prepara 
tions such as uleron sulphamethylthiazole rodilone mid prosoptasino 
(M A B 12o) are of less practical value 

Mode of action— Q ho mode of action is not }et fnlJ> understood, but the 
drugs appear to interfere with the metabolism of bacteria and to deln} their 
grou th so that thc} become more susceptible to the phagoet tic cells of the 
host Tlio sulphonamides ate bacteriostatic rather than bactericidal or nnti 
toMC lliis fact has important practical apphcatious (1) Clieniothcrapy can 
supjilcmciit but cannot replace the surgical treatment of bounds and ivountl 
infections Iho smaller the number ol bacteria to be dealt iiitli and the 
nuitv fwourablo the conditions for pliagoc} tosis the more effective is 
ilumoilurnpv (2) Cbemotherap} is more valuable in prevention than m 
(inv‘ If infutioii is firmlv established leucocytes mav bo incapable of 
ihMh'MUg llu I ntrrm oven if their further multiplication is inhibited f)\ 

( hi uudhciupv { I) ^lllphanaraIdp dnigs no antitoxic propertv and it 
lutiv hiMWia^iiv to wmbino cheme antitoxin therapj 

Ot Udmbilstrabon— rjie suJ “mrapidJ} absorbed 

flvMU tho uhmiutMv tirtct into the I excreted just as 

riijitdlv 'Ww iIxMinomust therefo hour!} nv order to 

iimlnlidu nti vI\iH. '' blood Itvcl maj bo injected 
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intravenously or given in a continuous dnp saline For prophylaxis 2 gm 
should be given as soon as possible after injury, folloived 0 5 gm doses 
four hourly for a period of from seven to fourteen days If infection 
13 already established the dose should be increased to 1 gm four hourly 
for two days and then reduced gradually as the clinical condition improies 
It should seldom if ever he necessaiy to give more than 35 gm 

Local administration may also be used the drugs being applied to the 
wound in the form of a pow der or as tablets which arc absorbed more slowly 
The advantage of local apphcation is that bactenal growth in shed blood 
and blood fluids is inhibited while at the same time the drug is absorbed 
into the blood stream and so reaches bactena which have already invaded 
the tissues The treatment is of value m the prophylactic chemotherapj of 
excised wounds which ha\e been sutured (p 214) but local applications 
are worthless in drained infected wounds because the bacteriostatic action 
is completely inhibited b\ pus fluid ^ Solutions of the sodium salt of 
sulphapyndine should not be applied to wounds So great is the all almitj 
of this preparation {pH 10) that it is injurious to all tissues and particularly 
to the tissues of the brain 

Lusling of granulations — The healing of granulating wounds can often 
be accelerated by the daily blowing of a fine dust of siilphonamide powder 
over tJie wound thus inhibiting the growth of streptococci and other bacteria 

Complioahons ol chemotherapy — Agranulocytosis — ^If the clinical con 
dition does not respond rapidly to chemotherapy tlje treatment sliould 
cease Continued admimstration may cause agranulocytosis whicli has 
proved fatal m BO per cent of recorded cases^* The complication has 
seldom occurred before the second or third week of continuous treatment 
and in most cases more than 50 gm of sulphandamide have been given 
If treatment is continued for more than se%en days or if more than 25 gm 
have been given white cell counts must b© done at frequent intervals * A 
falling white cell count demands tmmcdiato cessation of chesiothcripy, the 
intramuscular injection of pentonucleotide (0 35 gm twice daily ) and 
blood transfusion 

Cyanosis — Cyanosis due to meth®moglobina?mia does not call for cessa 
tion of the treatment and need cause no alarm It may be relieved by 
giving 0 5 gni methylene blue by mouth tmeo daily 

Other complications such as malaise \omiting acidosis drug fever 
dizziness headache dermatitis®’ and luematuria are in thenisehes of 
little sigmficance and if the white cell count is not falling the treatment 
may usually bo continued ® 

Penicillin,®^^ an extract from the growth of a mould is a much more 
powerful bacteriostatic agent than any of tlio sulphommide drugs It controls 
the groTTth of staphylococci as well as of streptococci and anaerobes and it is 
not inhibited by pus peptones or the presence of largo numbers of bacteria 
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GAS GANGRENE AND TETANUS 

The bacteria of gas gangrene and tetanus infections are anaerobic ‘ * 
Baetenological examination of m^nj wounds shows the presence of tlio 
causal organisms of gas gangrene (Cl welcliii Cl septiqiie and Cl 
oedomatiens) but the infection cannot become established unless the tissues 
in which the bacteria have been implanted are anaerobic This docs not 
mean that the wound must necessarilj be e\i)osed to the external air or 
that oxygen must be supplied by Indrogen peroxide irrigations and dress 
ing Even more free oxjgenation is available through the normal blood 
supply If the walls and contents of a wound consist only of living pulsating 
tissue the conditions are aerobic and gas gangrene bacilli cannot survive 
It 18 for this reason that the gas gangrene bacilli w Inch normally inliahit the 
rectum do not infect the wounds of hieniorrhoid operations and that 
individuals who are careless m their morning toilet do not develop gas 
gangrene in skin abrasions of the fingers It is for this reason also that a 
properly excised wound freely drained bv a vaseline gauze pack and 
completely enclosed in a IVinnett Orr plaster does not develop gas gangrene 
even although the external air i3 excluded If on the other hand a wound 
contains foreign matter and necrotic debris and its walls consist of dead 
and dying tissue the conditions aro anaerobic and gas gangrene infection 
can develop Deep penetrating wounds with destruction and necrosis of 
muscle gunshot wounds of the avascular retropentonool cellular tissues 
and wounds contaminated with foreign bodies hko pieces of clothing aro 
therefore the most dangerous mjunes The infection is usually the result 
of faulty surgery — the wound was not excised earlj enough it was not 
excised adequately or it was sutured under tension when it should have 
been drained Nevertheless even with perfect surgery it may not alwajs 
be possible to achieve the conditions necessary to inhibit the growth of 
these organisms Avasculanty of the tissues nnj he the result of remote 
interference with the blood supply Moreover the infection maj bo fully 
established within three or four hours of injurj 

The clinical signs of gas gangrene — ^A rising pulse rate in a wounded 
man who lias recovered from tlio initial ehock and is not sufforing from 
continued liccmorrhage is significant Thero is pjrexia and tho facial 
expression is anxious and alert The local signs aro pain swelling crepita 
tion of tissues and a curioiislv indolent dry appearance of the wound but 
witli a tlnn watery foul smelling oxiidato winch escapas on gentle pressure 
Only when the anaerobic infection is controlled does the discharge become 
a frank purulent exudate and heroin lies tho explanation of tho laudable 
pus of an earlier generation of surgeons ihe smell is characfenstio 
once recognised it is never forgotten 

Three types of gas gangrene infection inav bo distinguisl od (I) local 
infection of cellular tissues iii the neiglibourhood of tl e wound (2) loj^tion 
of one muscle or a group of muscles (J) massive g is gangrene 
all imiscles and cellular tissues of tho limb 

Treatment of gas gangrene— Nwiyicnl i\easure c 

treatment is essential The wound must lo so free 
of tension that everv tissue will regain nial bio 
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must be removed The ^\oun(l is extended in the long avis of the hmb 
until it IS 10 or 22 in in length One or more other incisions may be added 
on the opposite side of the limb Everj muscle which is gangrenous must 
be removed in its entirety the utmost care being taken to avoid damage 
to the blood supplj of adjacent muscles All wounds are loft widelj open 
If the infection is a massive gas gangrene immediate amputation is essential 
the flaps being left wndelj open until the gas gangrene infection is controlled 
Secondary suture is usually safe after about ten dajs 

Chemotherapy and antiloxtn therapy — ^The sulphonamides inhibit the 
growth of Cl welchu and Cl septique * but not of Cl cedematiens whereas 
antitoxin therapy is most effective against infection with Cl cedematiens 
Both forms of treatment should therefore be used Sulphathiazole appears 
to give better results than sulphapyridine or sulphamlamide Polyvalent 
antitoxin is given intraa enouslj (3 ampoules as now dispensed totalling 
27 000 units Cl welchu antitotin 13 500 units Cl septicnm antitoxin 
9 000 units Cl cedematiens antitoxin) and repeated as necessarj while the 
tov'cmia persists * 3 I he risk of artapli^ lactic reaction is small but a svnnge 
charged with 1 1 000 adrenaline Indrocblorjde should be kept readj for 
injection 

X ray therapy — Recent reports indicate the possible \ alue of radiotherapx 
m gas gangrene infections which are not amenable to radical surgical 
treatment * ® A small dose is delivered at frequent interaals over a short 
period (for example 75 r to each of two Reids twice daiK for three dax s) 

Tetanus infection — ^The anaerobic spore forming Cl tetani develop 
under similar conditions to those which govern the growth of gas gangrene 
bacilli Three degrees of infection maj be distinguished (1) local rigiditv 
and twitclimg in the region of the wound (2) generalised tome ngiditj 
(3) recurrent reflet spasms When the infection is full} developed trismus 
dysphagia risus sardomeus opisthotonus and abdominal ngidit} present a 
clear olmieal picture If reflex spasms develop within twent} four hours the 
prognosis is grave if withm two or three da}'s the prognosis is fair and if 
not until after the fifth daj the outlook is good 

Prophylactic treatment — The development of tetanus infection can be 
prevented or greatlj modified b} earl} excision of tlie wound and b} the 
prophylactic injection of antitoxin given immedmtel} after the infliction of 
a wound 3 000 international units must be injected as soon as po'^sible 
The immunitv lasts onlj two or three weeks and the injection mav need 
to be repeated especiall} if it is proposed to remanipuhte a compound 
fracture or reopen a wound Manj volunteers in the militarv services have 
alread} been protected b} the active immunisation of tetanus toxoid 
injections but there should be no hesitation in giving prophv lactic antitoxin 
treatment even if it is believed that a wounded man ma\ previouslv have 
received toxoid injections 

Treatment of established tetanus tnfedion — If tetanus infection is estab 
lished 200 000 international units of tetanus antitoxin nia} bo injected 
intravenouslj at the first possible moment A further 50 000 units should 
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THE PRINCIPLES OF FRACTURE TREATMENT 


be giren every seven days imtiJ the reflex spasms subside Tiiere is probablv 
no advantage in giving antitoxin by the mtrathecal route Reflex spasms 
maj be controlled with avertin or paraldehyde No mampulation or 
operation should be performed on the wound until a full dose of antitoxin 
has been injected and given time to circulate Even after the lap^e of mam 
months or years spores which remained dormant in the bone may be 
hghted up ^ and late operations must also be preceded bv propbv lactic 
antitoxm therapy 


AMPUTATIONS FOR OPEN AND INFEtJTED FRACTURES 

Indications for immediate amputation — ^Amputation is seldom necessary 
in the treatment of bone and jouit tojunes and the decision to adopt this 
unusual and drastic measure should always be supported ba a second 
opimon If the mam blood vessels are not destroyed and there is no 
irrecoverable nero, e lesion the limb should be saved no matter horv «everc the 
contamination of a wound the comounution of a fracture or the destruction 
of skin Even serious infection may be controlled by the closed plaster 
teclimque skin destruction over the whole circumference of a limb can ho 
treated successfully by skm grafting and if immobilisation is continuous and 
prolonged contaminated wounds heal and shattered bones unite Almost 
the only indication for immediate amputation is the destruction of mam 
blood vessels and the imminence of gangrene 

Tecbataae of immediate amputation — Withm about eight hours of injury 
bacteria have not mvaded deep tissues and lymphatics and infection is not 
established If the wound is remote from the site of amputation so that all 
dead and contaminated tissue niU be remo\ed and it is reasonably certain 
that the patient will remain under observation for several days after opera 
tion a formal flap amputation may be performed at the site of election uath 
immediate suture of the skm flaps If more than about eight hours ha\o 
elapsed if tJie amputation must be performed through 'noimded tissues or 
if earU e\acuation of the patient may become nece'isan delaaed primary 
or secondary skin suture must bo employed as m the teclmique of hto 
amputation 

The site of election and the minimal length of stumps is illustrated in 
Figs 409 412” The ideal stump is firm conical in shape so that it will 
fit the bucket of an artificial limb and free from skin folds uJiicli cause 
eviema The flaps should thetefoTft be evTt\daT aovd tUew 
combined lengths must be exactly equal to the diameter of the limb 
Cutaneous nerves of the digits and thigh should be shortened shghtly but 
the mam nerves of the limb must not be pulled down crushed ligated or 
injected Math alcohol * The formation of a nen.e bulb cannot bo avoided * 
and its best situation is near the end of the stump uhero there Mall be no 
pressure Every bleeding \esscl is ligated so that hvmostasis is complete 
and drainage unnecessary Stripping of periosteum or the cutting of 
periosteal flaps is of no value bone spurs form onh on the posterior aspect 
of the femur and gue ri«e to no symptoms The slump should he left at 
rest for two or three nceks because early handling increases the tcnrlcnci 
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optima] and minimal lengths of thigh 
amputation stumji 


Optimal and lainimal Irngtlis of 
below kneo amputation stump 


Orer 40 000 amputations nere perfur/nei! in Ibia eoantn dunng the last war ««<1 the fen jears 
immediately following it Since then tjwnejidous stroles have bwn made in the surgery of nounds 
and compound fractures and amputstion is becoming increasingly rare Tor esaroptc in one large 
series of casualties treated in R A F Base Hospitals the incidence of secondaiy amputation f r 
BpreacUng infection gas gangrene secondary b'emoithage and other compl cations Mas as low as 
0 1 per cent despite a high proportion of severely infected and grossh eontammated wounds an I 
compound fractures 

For further details of tl e technique ami management of amputations the reader is referrt t to 
an excellent monograph Amputations an 1 Artificial Limbs ’ bv Lang late Kelham and Cci rge 
Pcrlcins Oxf nlHacVanuals London 19t2 
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to phantom limb Firm bandaging is then necea<!arj m otler to promote 
shrinkage of the muscles Fitting of the artificial hmb should be posoible 
^v^thm two or three months of amputation 

Indications for late amputation — ^ToxTeinia from spreading infection, 
repeated and dangerous secondarj hajmorrhage*, gangrene due to \ascular 
thrombo-sis or massjae gas gangrene maj necessitate late amputation 
Infection is then estahhshed in deep 11*^063 and has spread pro\imall\ aloinr 
lymphatics far beyond the limits of the wound Even if the amputation 
IS performed many inches above the level of injury if the wound is com 
pletely screened and the skin thoroughlv prepared, the infection irluch 
has spread along ly mphatic channels cannot be avoided, and infection of the 
amputation stump is almost inevitable Pnmary skin suture is unsafe and 
may be disastrous 

Technique of late amputation — ^Tuo alternatives are available (1) flap 
amputation with delayed skin suture after from seven to ten days, (2) 
circular sleeve or guillotine ’ amputation at a low lea el with a formal flap 
amputation at the site of election after two or three weeks 

I'hp amputaiiofi uilk delayed attlurc — This is the operation of choice 
if the amputation must be performed at or abo\e the site of election and 
there is viable skin below that level (as m the case of gas gangrene) Flaps 
are cut but not sutured Mattress silkworm sutures, through the skm flap 
margins are protected with rubber tubing or buttons and light tnction 
18 applied After a week or ten days, when the danger of spreading 
infection and gas gangrene is over, the traction is released and the 
«»utures are tied 

Circular or sleete anipuMiou • — If the first anipufatjon can bo jierformwl 
well below the site of election a circular or guillotine’ amputation is the 
operation of choice It can bo performed rnpidh , ^vlth minimal evposure 
of tiNSUes and with perfect <lramage Skin traction must be applied within 
tiienti four hoiir^ The mnseJas of the tJngh and leg are power/uJ and Jong 
bellied and continued retraction produces a conical stump with projecting 
bare bone a wide area of granulations skin ‘^\eral inches above the cut 
surface of bone and uimecestara shortening of the stump (Figs 41 { 414) 
Vaseline gauze is applied and the no dressings technique cmploied so that 
unnecessary pam and fluid loss are avoided A fonnal flap amputation is 
performed at the site of election after several weeks, when infection is 
quiescent Reamputatioii before the granulating surface is clean and dry, 
and before t]ie stump is free from oedema causes recurrent infection and 
defeats the whole object of the guillotine amputation 

If the first amputation mu^st lie perforrae<l at or abo%e the site of election 
and there is no viable skin below that level, « guiJJotine amputation with 
continued skin traction is again the operation of choice If tniction is 
continued until the granulating surficc heals with a terminal scar, the 
stump ma\ be satisfactory even without reamputatioii whereas a flap 
amputation whicli would nccc-sanJy be two or three inches higher would he 
too short 
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PART II 

PATHOLOGICAL FRACTURES AND BIRTH 
FRACTURES 



CHAPTER \I 


SPONTANEOUS AND PATHOLOGICAL FRACTURES 

The treatment of fractures cannot be divorced from general orthop'udic 
surgerv and nouhere is the impossibditj of a watertight compartment of 
traumatic surgery more clearlj ilJiistnted than in the subject of spoil 
taneous and pathological fractures A fracture tnaj be the first mamfestation 
of a bone cjst or tumour Recurrent fractures from trivial injuries may- 
lead to the recognition of an obscure ahclctal disease The course of bone 
disease maj be modified by a fracture Verj commonlj the treatment of a 
fracture must be modified in accordance wtli the disease The surgeon n ho 
attempts to treat fractures without a full I nowledge of the pathology of 
bones and joints is faced mth insuperable difficulties 

The terms spontaneous and pathological fracture are sometimes used 
as sTOonjms It is an advantage to distinguish two groups of fractures 
in nhich the traumatic factor is unimportant (o) spontaneous fractures 
where the bone normal and (b) pathological fractures nbere there is a 
pathological abnormality of the bone 

SPONTANEOUS FRACTURES 

Although the bone is of normal structure and strength fractures are 
sustained in the course of ordinarj aetivit} Muscle inco-ordmation and 
fatigue are important etiological factors 

Fractures ol tabes dorsalis — ^The degeneration of the posterior columns 
of the cord accounts for loas of joint sensation and of pain so that the 
tabetic patient is unau are of the normal danger signals Moreover there is 
muscle inco ordination and hypotomcitj which prevent him from takmg 
advantage of the warning even if he was aware of it The awkward and 
unguarded gait may therefore be responsible for spontaneous fracture of 
the patella or even for fracture of the femur or tibia At this earlj stage 
of the disease the bones are normal and fractures umte promptly In the 
later stages nhen Charcot s joints are developing true pathological fractures 
maj occur ^(Fjg 41<>} The bone is then abnormal!} dense and the increased 
calcification causes increased fragibty (F^ 41Q) These fractures are slow 
in uniting and there may be non union 

Fractures ot epilepsy — The \iolent muscle contractions of epileps} maa 
cause spontaneous dislocation of the shoulder joint which is sometimes 
recurrent (Chap X\II ) Tlie great tuberosit} of the humerus ma\ bo 
aMilsed bj the supraspmatus and m senile or bedridden patients nhose 
bones are osteoporotic spontaneous fractures of the spine or of the neck of 
the femur are often sustained especial!} uhen the connilsions ha-ve been 
forcibh restrained In recent aears convulsions artificialU induced b} 
cardiazol have been used in the treatment of psjcluatnc disorders It is said 
that cardiazol is the elixir of life to a hitherto doomed race the price to 
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be paid is fracture of one or more vertebral in about tu o fifths of the patients 
so treated ^ 0\ er thirtj spontaneous fracture of the femoral neck have 
been reported The results of nailing the bone are satisfactory e^ en if the 
epileptic fits recur after operation * 

March fracture of the metatarsals — Fractures of the shafts of metatarsal 
bones sometimes occur durmg ordmary ualking in normal healthy indii iduals 
The injury may be sustamed by a soldier in the course of a route march 
when there is an element of muscle fatigue In other cases the symptoms 
develop so gradually that the patient cannot believe that he has suffered 
an injury The fracture maj 
ob\ lously be of several weeks 
duration when advice is first 
sought (see Chapter \XXIII) 

^letatarsus atavicus a eon 
gemtal shortening of the metatarsal 
bone of tlie great toe is often a 
contnbutorj factor The first 
metatarso jihalangeal joint hes at 
a more proairaal level than normal 
it mav even be in line with the 
necks of the second and third 
metatarsah (Fig 417) Normally 
the metatarso phalangeal joints of 
the toes are le\el and the whole 
row ma> be regarded as one jomt 
at which movement occurs with 
each step as weight is transmitted 
to the toes In metatarsus atavi 
cus the axis of movement crosses 
the necks of the central metatarsals 
As the patient steps forwards there 
IS an angulatmg strain on these 
bones and the 160 lb of super 
imposed body weight is more than 
enough to fracture them Other types of archilectural weikening of tlie 
forefoot 3 hypermobihtj of tlie firet metatarsal adduction of the first lueta 
tarsal and transverse flat foot maj be contributory factors Continued 
weight bearing on the fractured bone causes dissemination of the fracture 
hscmatonia and excessive (*llus formation The patient may even complain 
of the lump rather than of pain A walking plaster should be applied untd 
union IS firm and the foot is then strapped for a few weeks Exercises 
are taught for the mtrmsic muscles of the foot If syTnptoms recur and 
there is a short first metatarsal bone removal of the second and third 
metatarsal heads to restore the line of the metatarso phalangeal joints is 
justified 

One case has been recorded of amputation of the foot for a march 
fracture which was mistaken for a sarcoma * If sarcoma of the metatarsals 
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ffas not so rare as to be almost unknown the periosteal elevation and 
ossification and the absence of a history of injurj might be confusmg 
Spontaneous fracture of a metatarsal bone must also be distinguished 
from Fanners disease — an allied disorder in which there is periosteal 
thickemng of one or more central metatarsal shafts In this condition 
there is impairment of the blood supply of the bone and usually avascular 
necrosis of the metatarsal head causing ngiditj of the joint (Fig 418) 

Fatigue fracture of the tibia — Crack fractures sustained as tlie result of 
ordinary weight beanng strain and without obvious in]ur\ ma\ a!«o occur 
in the tibia ^ ( fatigue fracture ) and in the neck of the femur 

Spontaneous dislocation of the toes — ^It is important to recognise tliat 
clamng of the toes m metatarsal flat foot especiallv trlien associated with 



Flo 418 

Fanner S disease of eecond and third kfl and second right metatanaU The left foot 
shows typ cal necrosis of the metatarsal beads On the right there is only pcnosteal 
thicken ng 8 mubting a march fracture 

halluv valgus may progress to such a degree that the phahnv is jiiiJIed 
off the back of the metatarsal head by the tight extensor tendons The 
metatarso phalangeal joint is completely dislocated and the prominence 
of the metatarsal head in tlie sole causes severe pain until it is removed 
One surgeon who operated on a bunion without recognising the coincident 
spontaneous dislocation of the second toe was threatened b^ medico legal 
proceedings because the patient knew of no injury and blamed him for ilio 
dislocation 

PATHOLOGICAL FRACTURES 

There are three groups of ] athologieal lesions winch ma\ bo rts|ionsiblc 
for weakening or destruction of bone and for patliological fmeture 
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(1) bone atrophy, osteoporosis and decalcification , (2) bone tumours and 
cysts and (3) congenital fragilita of bone 

Bone atrophy and decalcijication — Prolonged recumbency debilitating 
and deficiency diseases senile change and excessive hyperffiima, cause bone 
atrophy and decalcification The transverse trabeculae which are the last 
to be laid down in a growing child are the first to be removed in bone 
atrophy This absorption brings the unchanged longitudinal trabeciilie 
into relative prommence (Fig 426) The bone is weakened and it is 
susceptible to fracture If the process continues the longitudinal frabecul'e 
also undergo absorption the cortical bone is reduced to a mere shell and 
the bone buckles bends and breaks at manj levels (Fig 423) 

Bone cysts and tumours — Tumours of bone are the most common source 
of pathological fracture and the frequency is in direct proportion to the 
osteolj’tic and destructive qualities of the growth This is borne out bj the 
followmg analysis ^ of the incidence of pathological fracture m the more 
common bone tumours — 

Multiple mjeloma 6‘’ per cent Giant cel! tumour 14 per cent 

C^st and cjstic tumour 4') Osteogenic sarcoma 8 

‘^condarv carcinoma !> Emngs sarcoma 

Alultiple mveloraa is relatively rote so that the pathological fracture most 
commonly seen is that which occurs through a bone cyst and particuhrlv 
through cysts and chondromas of the phalanges or metacarpals 

Congenital fraQilxUj of bone — Congenitally fragile bones are of two types 
In fragihtas osseum the bone is slender porotic and fragile very like the 
bones of secondary atrophv In Albers SchOnberg disease the bones are 
dense solid and hypercaleified Nevertheless they too are fragile because 
they are brittle The term marble bones winch js sometimes used is 
misleading Chalk bones would be a better pseudony m 

BONE ATROPHY, OSTEOPOROSIS AND DECALCIFICATION 
Disuse atrophy of hone — Tlie disuse of prolonged recumbency or of 
immobilisation m splints or plaster causes decaJcification and atrophy of 
bone Mhen activity is resumed care must be taken to avoid undue strains 
before recalcification is complete 

Bohomyelitis — In infantde paralysis there may be an extreme degree 
of skeletal decalcification especially m tho early stages of recumbency and 
immobilisation If a fracture is sustained it wmtes rapidly and normally 
Senile osteoporosis — Absorption of bone trabeculce and thinning of the 
cortical bone is a characteristic serale change and this tyqx) of osteoporosis 
IS a common predisposing cause of fracture of the femoral neck Tiie spme 
IS often mv olved and the pressure of mtervertebnl discs produces cupping 
of the vertebral bodies The fracture shown m Fig 419 was sustained bv 
an elderly doctor who merely stooped to lift a moderately heavy weight 
Hypertemic decalcification — Spontaneous dtslocalton of the atlas* — ^Decalci 
fication of bone mav be due to spreading hy’per^mia from an adjacent 
inflammatory focus ICaso pliaryn^al and tonsillar infections can cause 
hy^ierremic decalcification of the atlas gufficient to allow detachment of 
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the transverse ligament Tlie anchorige of the aths to the odontoid process 
IS then impaired and it snbluxates or dblocates fon\ ards (Pig 420) As a 
rule the fomard dislocation is incomplete and it is readil\ reduced Perfect 
recoverj follows immobilisation m plaster for tvo or three months In 
some cases the cord is compressed and pathological dislocation mav eiuse 
sudden death (Pig 421) ^ 

Infective iecalcihcution—Paifiolofftcal fracture tn oskomyehhs—ln acute 
osteomyelitis there is hyperaenne and infective decalcificatiou of the bones 



Flc 419 

Senile Dsteoporosis 

PatUological fracture of fourtl lumbar vertebra * Tl ere « general oslcoforos t anJ c [ | n 
of tl e rrrtebral bod from «1 sc press ire 


and pathological fracture xnav occur unless tltc hmh vs adequateh protected 
(Fig 422) The fracture must be treated like an> mfected compound fracture 
Rickets is due to a deficiency of vitamin D, the result of lack of fresh 
foods in tlie diet or lack of exposure to ultra Molet light which fi^ntlicsi«cs 
Mtamin D from the sterol in the si in This Mtnmm promotes the absorption 
of calcium and phosphoius from the bowel W hen it is lacking the skeleton 
becomes decalcified and porotic and is subject to bending deformities and 
patliological fracture Practures unite at an almost normal rate The hones 
inaj bo hardened bi adding \itamms to the diet and li\ general open air 
treatment with exposure to sunshine 
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Spoataneous dislocation o! atlas 

T1 0 hyperjcm a of tons liar mfcct on may decalcify the atlas and cause for card 
auWuxatioa (F g 4‘’0) or complete dislocaton with paraplcg a and sudden death 
fFig 4 ’I post mortem epcc men 1 
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Acute osteomyelitis 

Patholog cal fracture in acuto osteomj'el t s of tl e femur This ease was 
immot i1 sed m a Thomas apt nt an 1 united firml} 
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Osteomalacia — In osteomalacja ' * and in famine imlacia there is a dietetic 
deficiency comparable ^\ith the deficiency of rickets It is often associated 
with pregnancj in a woman of twentv to fortj , but tlie senile form occurs 
m both males and females The blood serum calcium maj be as lou ns 
5 mg per cent and this distinguishes the diaease from the ‘'oineulnt sunilar 
bone changes of hj^perparathyroidism (osteitis fibrosa) where ttie blood 
calcium IS raised The compact bone is absorbed until the cortex is of 
paper like thinness and the density of the radiographic shadon ma\ bo 
reduced almost to that of the soft parts (Fig 42J) Alidtiple fractures and 
bending of the bones occur Dietetic treatment is neces'san w itli increased 
calcium intake and the adminis 
tntion of ergo&terol In aiomen 
affected during pregnan(.\ the prog 
nosis IS good and there inav lie 
marked improa cment after the 
menopause In non puerperal 
tiTJCa multiple fnctiire? arc nsso 
dated wnth increasing pain and 
gross deformit\ and patients m i\ 
become bedridden and die 

Coehac disease, steatorrhcea and 
sproe* — In emhae disease of chil 
dren idiopathic stentorrhcc'v of 
adults and in tropical sprue there 
IS imperfect digestion and ab 
sorption of fats ■nith recuirent 
diarrlicea T!ie stool is hulkj and 
pale and chemical examination 
shorvs an excess of both split 
and unspht fats The resulting 
formation of calcium soaps and 
the generalU accelerated flow 
through the intestine prcicnts the 
absorption of calcium and jihos 
phonis Ihereitiai even be tetani 
8ei ere osteoporosis n d Ji deformities 
and pathological fractures is the 
rule So complete t> the fnlure of 
calcium absorption that union of the fractures i', ver\ plow unlc^ the di'^case is 
xigoroush treated The fat intake be red«c«l to 0 or CO gm j^’idii 
lij drochloric acid is given ba mouth to relieae the associated aclilorlndri land 
to promote calcium absorption and calcium gluconate is gi\en b\ mouth or 
bi injection Tlie fractures ma\ require immobilisation for mana months 
“ Idiopathic ” osteoporosis ol children— Cinldren not suffering from ccclmc 
disease or rickets and with no evidence of osteitis fibrosa cistica due to 
parath^Toid adenoma sometimes show aery extreme general! ed ostcojiorosis 
Tlicr© is los-, of the secondarj bone trabwiilT the bone cortex is thmne<l 
and multiple pathological fractures occur (Tigs 4 ’4 427) The bloofl 
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FlO 420 riQ 427 

“Idiopathic osteoporosis of cbildiea 

Evidence of osteoporosis in tbo di^ppcaranco of secondarj transverse 
trabecula: and in the thinning of the cortex (iig 426) There has been a 
fracture of the ulna {1 jg 427; of sevenl doi^ vertebra: (Fig 424) and of ' 
the fifth lumbar rertebm (Fig 425) 
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calcium 13 normal but there is a loss of calcium balance , more calcium 13 
excreted than is absorbed Helfefc^ believes that this maj be due to an 
error of phosphorus metabobsm Tnth a lack of balance between the plios 
phorus and the available calcium in the blood A raising of blood phosphate 
it IS thought may stimulate the parathyroid to physiological iij’peractiMt) 
m order to mobihse calcium from the bones and form calcumi phosphate 
which is excreted Helfet has shown that if the phosphorus mtike is 
reduced by giving alum acetate, which precipitates the phosphates m the 
intestinal tract, and at the same time calcium is given as milk or calcium 
gluconate, the calcium balance is restored to normal, and tbe bones gradimlh 
recalcify 


BONE CYSTS AMD OSTEITIS FIBROSA 


Solitary bone cyst ® — The simplest type of osteitis fibrosa is the solitary 
bone cyst which occurs in children imder fifteen \ears of age, usually in 
the upper shafts of the tibia, femur or humerus In half the ca'ses a 
pathological fracture is the first manifestation The ejst is recogni'icd 
radiographically by the bone expansion with a central defect which Ins 
symmetrical contours, a smooth unbroken margin, and no periosteal reaction 
(Fig 428) The lesion IS essentially benign, the destructive process bj nhich 
it 18 formed undergoing spontaneous healing by fibrous repair extending 
over many years Very often, however, if no fracture 1ms been sustained, 
a latent bone cyst remams, for despite a vigorous fibrous reaction the uaUs 
do not collapse A fracture provides the necessary emshmg and accelerates 
and completes the repair Operation is therefore unnecessary The injury 
is treated as if it were a simple fracture, and radiographs at mteraals usuallv 
show progressive obliteration of the cystic cavity (Fig 420) 

Variants o! bone cysts — If successive radiographs shon failure of 
obbteration or progression of the bone destruction, tho cyst should be 
explored and curetted Any degree of fibrous osteitis may occur front the 
simple cyst tMth fibrous nail, or the almost solid fibrous mass with snnll 
cysts, to the solid fibromatous mass, with in mam cases islands of giant cell 
tumour (Figs, 4J0 431) To ensure obliteration of the cavity and protection 
from recurrent fracture a bone graft may be employ ed 

Von Recklinghausen’s multiple osteitis fibrosa** — When cysts occur in 
many bones liy^jerparathyTOidism must bo suspected There are iiniltiplo 
evsts bending deformities, general skeletal rarefaction and fractures through 
the cystic areas (Figs 432 434) The scrum calcium is raised from the 
normal 9 11 rag per cent to 12 20 j»g There is a marked increase in the 
urinary calcium output often with multiple renal calculi The essential 
treatment is exploration of the parathyroid glands, rcmoaal of the adenoma, 
and a diet rich in calcium and vitamm D If skeletal rccalcification is still 
imperfect, the phosphonis intake must be controlled by tho oral ndminis 
tration of alum acetate,* because excess of phosphates m the blood proi idos a 
continued physiological stinniliis to tho glands and maintains a physiological 
ha perparathyToidism 
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Tio Vi Tio 429 

S<ditar 7 benign bone c^st 

Simple bono cyst in one of the common sites mtb pathologcal fracture 
Tbe fonrari bomns was corrected by mamputstion Three months later 
(here ts already erraeace of obhterat oo of too cyst (Fig 429) Operation 
was ijjinccessary and tbo cyst was cojnpJcteJy cured by the fracture 



Solitary cysi— osteitis fibrosa 

I’alhoIogicalfracturothrough'inipIcUmecj^ttFig 4^) Tfe cyst <lit not undergo 
spontaneous obliterafiwi and was ex|d<»^ It v*s of tho solid fibrous tjpe 
(fig 431) Aflcrcurettmg abonegTnft(«howninoulhnc)wftS8lidncro«sthocaviy 
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HYDATID DISEASE OF BONE 

Hjdat2d disease^ though rare in Great Britain and the Lmted States 
still occurs with considerable frequenc3 m the great sheep raising countnes 
— Australia South America and ^uth Africa — despite measures to improae 
the conditions of slaughter houses and to prevent contact of domestic dogs 
with infected sheep The greatest frequency has been in Iceland where no 
less than oneseventli of the popolation were infected in India and in 
China it IS almost unknown The fact that li^datid disease in min has almost 
disappeared m the British Isles despite the occurrence of the disease m the 
tweutv five million sheep which are pastured is attnbutable to strict 
regulations of abattoirs inspection of meat good water supplies the standard 
of public livgiene and care in feeding dogs Tiie Tsema echinococcusinhabits 
the small intestine of the dog A single dog maj harbour thousands of mature 
w orms and pass man j thousands of ova dailj mthe feces thus contaminating 
food and water and infesting sheep or man — the intermediate hosts in which 
the larval stage of the worm develops wath evst formation If dogs feed on 
the viscera of diseased sheep thej become infested with scolices of which 
there mai be manv thousands in a single fertile cist thus completing the 
life cycle of the t'cnia 

Clinical features — Man is usuallj infested direct from the dog vs Inch ho 
pets caresses or allows to lick his hand the ova being resistant anti survuvung 
in dust for many months despite desiccation soaking heating and freezing 
Priniarv cysts develop in bone m about 1 per cent of cases They first 
appear near the epiphyses usually m the femur or humenis and less often 
in the vertebral tibia or pelvis Tliev grow so slowly over a latent period 
of many years and with such complete freedom from symptoms that the 
diagnosis is seldom established before adult life Multiple irregularlv shaped 
evsts closely resembling fibrocystic disease gradually develop without bone 
evpansion but with steadv infiltration along bony canals Pressure 
absorption of bone invasion of the cortev and periosteum which offer 
little or no resistance and slowlv progressive weakening lead finally and 
inexorably to spontaneous fracture A fracture sustained without injury 
or with minimal injury is v ery often the first clinical manifestation of hy datid 
disease of bone The fracture is painless because the nerves of the Haversian 
canals have been slowly and qmetiv destroyed ft is associated with httic 
or no ecchvmosis swelling or oideina because tite blood vessels have Ikjcii 
destroyed and the bone is avascular fhere is no crepitation because the 
bone has been destroyed ^on union is almost inevitable Within a period 
\ ary mg from tw o to ten months after fracture as n result of the shedding of 
parasitic elements from bone into surrounding soft tissues a large cvstic 
painless swelling develops Tliere is little or no inHainnnton reaction and 
tlie ehmcal picture may resemble i cold abscess 

Differential diagnosis — ^During the long period of latencv earlv cvxt 
fonnation discovered during routine radiography is often mistaken foi 
fibrocystic disease W hen spontaneous fmeture occurs the bone destruction 
and total ab«enoe of periosteal reaction suggests secondarv carcinoma In 
the later stages of soft tissue dissemination cold abscess is simulated Tlie 
diagnosis may be confirmed bv the Casoni and complement fixation tests 
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and if necessary by diagnostic puncture ■^I^cro'^coplcal eynmmation of 
aspirated fluid shows fragments of lamiinfed inenibrane small daughter 
c\sts and sometimes scobces or booklets 

Treatment of pathological fraefntes — Tlie prognosis i& ver\ gri\e I)ec\u^e 
non union of the fracture is almost me^atable extension rapidh occurs in 
soft tissues neighbounng joints are imohed and there is con'sicicral lo risk 
of pre operatixe or post -operative infection winch max be fatal 2so useful 
purpose is served bv simple incision into the evsts curettage or the appli 
cation of formalin these measures are almost invariablv followed b\ 
recurrence If the tbsease is stiJl bmifed to bone and there is no invasion of 
soft tissues total excision of the involved area follow ed bv massive autogenous 
grafting is the treatment of choice The exciaion must be sufficientiv vude to 
include all ejsts however small If soft tissues are alreadv involved 
amputation above the involved area is the onlv measure wluch offers the 
patient hop“ and it should be undertaken forthvvath 


PAGET S DISEASE— OSTEITIS DEFORMANS 


Paget s disease ^ occurs most commonly m adult males sometimes 
in a localised form when the tibia is usualJj involved but more often 



iffecirng mam bones mchnlmg'tlic jkjUis ami skull Tlic bones arc 
thickened and noollj and tlie cortei etpands and encroaebes on tiio 
mcilnllan cavita In the earlier stage of granular calcineation fro'""” 
mar occur In the tibia multiple incomplete cracks nial ilciclop on tlie 
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•comex side of the bowed bone (Fig 43,) If fracture occurs m a 
deformed bone advantage may be taken of the injmy and the bowiiic' 
should be corrected at the site of fracture Repair is seldom slow and 
if immobilisation is continued for several months firm union is secured 
Non union is usually due to immobilisation for too short t, period (Pig 4 J 7 ) 
Sarcoma sometimes occurs as a late development m Paget s disease > and 
if despite adequate immobilisation a fracture shows progressive decalcifica 
tion and failure of union this complication must be considered (Fig 430) 
If operative reduction of the fractures of Paget s disease i', needed 
internal fixation must not be contemplated Even fractures of the femoral 
neck must be treated conservativelv (Fig 438) for the bone is too fragile 
to withstand the pressure of naila or screws * ^ 


BENIGN BONE TUMOUBS 


Chondroma and chondromyxoma — Simple chondromas occur freqiienth 
an the phalanges and metacarpals and are often disclo'^ed for the first time 
by a pathological fracture (Fig 430) The finger should be immobili ed 
for a few u eeks The tumour is then explored curetted and as n rule the 
cavity IS filled anth a hone graft (Figs 440 441) Cystic changes in the 
metacarpals and phalanges may also be dne to osteitis fibrosa* or to 
implantation dermoid c^^fcs (Fig 442) 

Osteoclastoma or benign giant cell tumoar^*— TJie onteochitomi occurs 
in adults usually m the louer end of the radius or femur or the upjier end 
of the tibia There is a pathological fracture m 14 per cent of ca«cs 
Radiograplucallj the lesion is essentially destructive there is bone expansion 
and the bonj shell is extremelj tiun and often perforated If fracture lias 
occurred operative treatment is deferred for tuo or threo months The 
tumour IS then excised It is probably jnadnsable to insert bone chip-, 
or a bone graft into the canti for this appears to stmmhte osteocJistic 
activity and to promote reciirrenoe 

As an alternative to surgical treatment osteoclastoma can be treated 
successfullv bj radiation The tumour gradually regresses and recalcifics 
and within a period of six to ten months final consolidation is pcoured After 
successful treatment recurrence is exceptional Altlioiigh radiation treat 
ment of osteoclastoma has been succcssfuHj developed in the l^mtcd States 
relatively feu cases haie been so treated jn Great Britain Stniifonl rado • 
believes that this is doe to the attitude of mind of tho orthopedic surgeon 
to radiation and not the failure of radiation to cure osteoclastoma He 
urges that radiation should be useil as the first line of treatment and not 
as a measure to be adopted only uhen surgical intervention lias filled 

Angioma of bone H'emangioma maa occur in the spine * and produce 
typical honcyxorabed rarefaction of t}ie vertebral body uith coHa]xso and 
wedging uhich is to be distinguished from a simple crush fracture Tlio lesions 
usually'’ heal under deep X ray therapy Angioma of the long bones gives 
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Fia 441 


An^oma of tione 

tig 443 — Angioma involving tho whole 
of the abaft of tbo humerus There Is a 
charactcnstKs sonp-bubblc appearance 
Compkte destruction and pathological 
fracture of lower shaft 
lig 441 — Photograph of patient show 
>ng large pulsatile swelling of limb 
The lady lived to a npe old ago and 
died of an inlcrciimnt affection 
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a characteristic loo&e soap bubble appearance and long standiiif' lesions 
may cause extensive destruction and pathological fracture (Figs 44J-t44) 


MALIGNANT BONE TUMOURS 

Osteogenic sarcoma — ^The osteolytic form of osteogenic sarcoma is an 
essential!} destructive tumour whieli arises in the shafts of long bones 
most frequent Ij m \oung adults and shous a central area of rapid bone 
destruction which dissolves the cortex without expanding it and ver\ 
often causes pathological fracture Earl} amputation offers the onl\ chance 
of cure and is the best means of xeheving the pam 

Ewmg’s sarcoma * “ is a rapidlj growing tumour of earU life Pun is 
an outstanding feature and there is usuail} a n&e of temjieraturc even 
to 103° oi 104° The tumour is usuail} m the mid shaft of a long bone 
there is increased densit} periosteal proliferation expansion of the bone 
and mottbng of the marrow canfcv It is not prunaril} destmetne and 
pathological fracture is rare The tumour shrinks under the influence of 
radiotherapa but the prognosis is poor and amputation is often ncccss-ir} 
to prevent recuirence 

Multiple myeloma* — ^This is a rare tumour developing in mam foci m 
the bone marrow of adults most conimonh over fifti jears of age There 
IS severe pain tumour foroiation and m two cases out of three miiltiplo 
pathological fractures The fractures occur not only m the long bones 
of the extremities but very often m the ribs and sternum The diagnosis 
IS based on the multiple clear pimclierl out lesions of the skull and 
other bones (Figs 448 449) and on tlic frequeno} of Bence-Jones 
albumoses m the urine Union of fractures is slow but ma} bo accelerated 
by radiotherap} The disease pursues a fatal course usual!} witlim two 
}ears It is seldom that a mvcloma occurs as a sohtar} tumour (Fig 4 »’) * 
If there arc no t}’pical unnirv or blood changes the tumour can bo dis 
tinguished from an osteol}^^ sarcoma onh bi microscopic examination 
which shows the taqiical plasma cell 

Secondary carcinoma — Caraiwmn of the breast is one of the tunmuri 
most frequentl} associated with bone metastases The hones usuativ 
mvolved are the spine pelvis femur skull ribs and humerus m the order 
given As a rule the lesions are multiple and moat commonl} thev ato 
osteolytic There is no periosteal reaction the pnmnr> focus is in the 
medulla w ith secondaiy invasion of the cortex and there ma\ be tlifTii'ic 
motthng withm the area of destruction (Fig 44 >) This mottling inav 
differentiate multiple secondarj carcmonia with invohement of the skull 
from multiple myeloma where the lesions are more clearh punched out * * 
Pathological fracture occurs m lu per cent of ca'ics The limb should be 
immobilised m the ordinarv wav for this is the best method of controlling 
pam and not infreqiientR the fracture unites and function ts restored 
Carcinoma of Oe thyroid Tni\ cau««e bone metastases with pathological fracture 
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rio 44o 



PlO 446 



Fio 44" 


SecondatT csmaoma 

Vtg 44) — Metastas s btcondarj io carcmoma of breast «ith pati nlo^ical frart iro Note the second 
deposit ID t}e lower aft 

fig 44G — Secondar% I vppmopi roma ^jth |iathotof^caI fracture of iiumcrui Tlcrc s a second 
deposit in tbo scapula 

Kig 44" — Socondarj careinom^ of vertebra? si owing bone destruction but niininial collapse became 
the bone is replaced b> the tumour 



Fio 449 


Unltiple mnlonu 

Multiple luDioufs *1 o»jD" t>pirAtpitncbe 1 out dcfeela of the sVull (bl,, 4 IS) 
»nd of the lonj! Ixne^ where patboloitical frtetute* are guilamwl {bi'^ 
4 irt-< I) The frarti reii «in{e ahnr^ bip 44) k a nthoerspb «f tie 
post mortem specimen and shows the tumour aiwiciattsl with one of the 
shnti defect* 
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Fio 4 j0 Fio 451 


Pathological fractures of humerus and femur m multiple mjcloma (same 
cam as Figs 448 HO) 



ita 4a2 

Sohtaiy myeloma 

Tlarc case of soUtarj mjeloma (pU&znocytoma) of 
the upper shaft of fcnmrmth patboU^cal fr&cturc 
li opsy d typ cal plasma cells 
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Carcinoma oj ike prostaie nsuaUj produces growing osteoch^tic 

secondanes m the pelvis and spme The invasive power of fhe growth is 
so moderate that bone proliferation cm keep pace with it the bone undergoes 
dense sclerosis and pathological fracture is rare 

Hypernephroma (renal carcinoma,)— The metastases of In pernepliToma 
have a predilection for bone the lesion is usually destnietive and patho 
logical fracture occurs (Fig 44D) The metastasis often occurs as a single 
focus and ten year cures have been reported after evcision of the invoh ed 
bone ^ On the other hand nietastases m bone maj first appear mam 
\ears after remoial of the kidnea the mtenal being as long as ten acars 
in some reported cases * It is clear therefore that apparent cures must be 
accepted inth resen e 

Neoplasms of the hamopoietic system — ^Tlie hTiiplioid tissue marrow 
and phagocytic elements known as the rcticulo endothelium are clo^ch 
related and disease of these oigans of a neoplastic t^pe lias a tcndcnci 
to produce osteolytic bone lesions and pathological fracture In Hodgl in j> 
disease granulomatous deposits in tlie spine niav be responsible for coll ipsc 
of a vertebral bodj and lesions in the long bones sometimes 
pathological fracture The eWoroma a greenish tumour related to the 
leul aimias is deposited in the skull and long bones of children approaching 
puberty and maj be responsible for fracture A fatal termination nitlun 
si\ months is usual In Hand Schuller Christian s disease an error of lipoid 
metabolism accounts for ejrtensive lipoid deposits witli destmeti\o changes 
in the sIniU and bones of the evtremities The lesions are ndio senajtne 
and re ossifj under treatment Gaucher s splenomegaU is another vantho 
matosis of congemtal ongm m vhich a storage of iipoid kerasm is observed 
m lymphoid tissue and in long bones where pathological fracture occurs 


CONGENITAL FRAGILITY OP BONE 


Osteogenesis imperfecta (Fragihtas osseum osteopsatharosis) In con 
genital fragihty of bone there is a strong hereditary factor «ome members 
of each succeedmg generation suffering multiple fractures from the most 
trivial mjurj The bones show few and wideh separated trabecula? with 
an extremely thm cortev After many fractures haae been sustained the 
thin cortex becomes obscured bj secondnrj thickening and sclerosis (I igs 
4 j» 4aG) Tliree climcal tj-pes maa be <hfferentiatetl In the fa-lal type the 
child IS usually stillborn the cranium is imperfectly ossified and there nia\ 
be hundreds of fractures some already united (lig 4 j") Tlie tnfai Itle 
form IS Ie«fs severe TJiere is stunting of growth and niultijile fnctiires are 
sustamed but the patient often survives In the n hlescenl type the tiiild 
appears normal at birth but there is the same susceptibility to fractures 
from trnial mjuiy In most cases blueness of the sclerotios k a striking 
feature (Figs 453 4d4) and there is often otosclerosis causing deafness ^ 
Blueness of the sclerotics and otosclerosis may liC present without obi ions 
bone fragility in some memliers of an affected fiiiuly flic fractures unite 
fimih and rapidly and they shouW always Ik? treated in tit ordinary way 
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Fio 4 >4 

Fragilitas osseum (Osteogenesis imperfecta) 

Colour photograplis of mother »nl daughter ehoiimg typical hlue 
Bclerotics Jlembera of eyerj generation of this famili su(T re 1 
multiple fractures from congenital lionc fragilitj 
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After ha\ing sustained ten or twenty fractures m clnldhood the tendenc\ 
maj appear to die out and the patient subsequently leads a normal life 
Generalised osteopetrosis or Albets-Schonherg’s disease (Marble bones 
osteosclerosis fngihs) ^ ® — ^Tlns rare disease shows i familial tendency and 
IS sometimes hereditary It is of congenital origin and is characterised b\ 
extreme density of all the bones of the skeleton Tlie bones may resemble 
marble and shon no tendency to fricture but in other cases the hyper 
calcification is associated mth brittleness and fragility and the resemblance 



Fio 4o7 

Osteogeoesis unpertecta 

Tl fcetal type of fragilitas ossrom The cl W was etiUbom with m Utiplc fractures of all 
long bones (rud ograph of Epee men in pathological museum L erpool Lruvers ty) 


IS nearer chalk than marble The formation of dense bone usualh continue'' 
until growth ceases but aery frequenth there are intermissions so that 
concentric rings of dense bone alternating wath normal bone parallel to the 
epiphyses of the iliac crests max be a charactenstio feature of the radio 
graphs (Pigs 458 4G2) The aertebral bodies max be unifonnU dense or 
there are dense layers, of bone aboxe and below with a Jess dense laxer 
between IJie carpal and tarsal bones often sJiow a circular distribution of 
dense bone surrounding a clear centre or a dense centre surrounded by clearer 
bone The plialangcs imx not be inaol\e<l but in some mild cases i dense 
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band in the middle of the nletaph^'«l!» is *i striking feature The skull j«; 
thickened, and forammal constriction causes optic atrophj and sometimes 
other cramal nerve palsies sucli ag facial paralvsis (Fig 4 >8 45D) Ihere 
raaj be calcinosis of the dura and of the kidnevs vessels or ligaments 
\iisBmia IS an almost constant feature of the svndronie and it is somet'mci. 
severe and fatal Patients often die at an earl\ age from intercurrcnt 
affections 

A someuhat similar generahsed osteopetrosis has been descnhed as an 
acquired disorder resulting from excess of fluorine m drinking uater’" 
In Madras India fluorine osteopetrosis has been endemic Unlike true 
congemtal osteopetrosis uhicb is sometimes as-^ciated Math bone fragihti 
fluorine h3'p®rcalcification does not seem to predi<5pose to fracture 

Cleido-cranial dysostosis ® — ^This is not a disease of bone frigiUtv but is 
congenital abnormalit} of ossification of the membrane bones in Mliich 
one or both clavicles may develop m two halves The bistor} easih 
differentiates the condition from iin united fracture of the clavicle, but in 
one case a victim made capital out of his disorder by concealing the liisfor} 
He made a practice of tripping over the rope b\ irhicli tlie brewer s flrn} mnn 
lowers barrels of beer into cellars' He then alleged tint he had fractured 
his collar bone subsequently claimed damages and on tliree separate 
occasions uas compensated for an un united fracture ' 




CHAPTER XU 


BIRTH FRACTURES 

Three tjpes of fracture uiaj occur in the newlj born infant (1) fracture 
or epiphj^eal displacement due to injury sustained during a difficult delivery , 
(2) multiple fractures associated mtli congenital fragility of bone , (3) 
congenital fracture of the tibia leading to congenital pseiidarthrosis 

Fractures due to birth tiyurt/ ' — ^The shafts of the long bones of the arm 
and thigh are involved more commonly than the epiphjses The injuries 
m the order of frequency are (1) fracture of the shaft of the humeras, 
(2) fracture of the shaft of one or both clavicles, (3) fracture of the shaft 
of the femur, (4) depre8<;ed fracture of the skull, (6) displacement of the 
epiphyses of the humerus or femur The fractures are seldom of the 
greenstick typo They are usually complete, and there is often consider- 
able displacement Large masses of callus develop, and tlie injury ma^ be 
recognised only by the lump v hich becomes obvious t^\ o or three u eeks after 
birth Union is rapid, non union is practically unknoim, and even if the 
fragments unite with angulation, alignment is restored by gradual moulding 
during the first few years of life Shortening on the other hand may persist 
into adult life 

Fractures due to congenital fragility of bone—Ono or moie fractures of 
long bones present at birth may be due to osteogenesis imperfecta This 
has been discussed m Chapter XI (p 278) 

Congenital pseudarthrosis of the tibia — The solution of contmuitj of the 
tibia which may be present at birth is characterised by a curious indolence 
of the bones, and bj a resistance to e\cr\ form of treatment It is a 
pathological entity of a very different type from the simple fractures of 
birth injury 


FRACTURE SHAFT OF HUMERUS 

Clinical features — ^Fractures of the middle third of the shaft of the 
liumerus almost invariably occur in breech deliveries during attempts to 
deh\er the extended arms The mjuiy maj also be produced by efforts 
to clehier impacted shoulders, bj axillarj traction in vertex presentations 
Tile fracture is transverse or spiral, overriding is rare, but there is usually 
outuard angulation due to the pull of the deltoid muscle on the proximal 
fragment Musculo spiral palsy is common, it usually recox ers withm 
SIX or eight x\eeks There is stripping of periosteum leading to considerable 
callus formation and union is. firm in about three u ocks 

Diagnosis — ^Dangling of an arm bx the side, or failure to moxc the Imib 

* Trucsdell Birth Fractures sihI fcptlh^SMlUdiK'Utons Xewlark 1017 
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band in the middle of the metaph\««is is a striking feature Tlie skull is 
thickened and fonminal constriction canses optic afropha and sometimes 
other cramal nerve palsies such as facial paraliMS (Fig 4o8 4 o()) There 
maj be calcinosis of the dura and of the kidnev's ve's'iels or ligaments 
Ansmia is an almost constant feature of the syndrome and it i& sometimes 
severe and fatal Patients often die at an earh age from intercurrcnt 
affections 

A somewhat similar generabsed osteopetrosis Ins been described as an 
acquired disorder resultmg from excess of fluorine m drinking water*' 
In Aladras India fluorine osteopetrosis has been endemic Unlike true 
congenital osteopetrosis which is sometimes as&ociatcd with bone fragiliti 
fluorine ha'percalcification doet> not seem to preibspose to fracture 

Cleiflo-cranial dysostosis ® — This is not a disease of bone fragibta but is 
congenital abnormality of ossification of the membrane bones m which 
one or both clavicles maj develop in two halves The histora easih 
differentiates the condition from un united firacture of the clavicle but in 
one case a victim made capital out of his disorder b> concealing tlie histori 
He made a practice of trippmg over the rope by which the brewer s dravman 
lowers barrels of beer into cellars" He then alleged that he had fractured 
his collar bone eubsequenth clauued damages and on three separate 
occasions w as compensated for an un united fracture ’ 

’FarbauU In«ca«<laDdD»otease IIVo»ltT<i(Bon<‘ 1 •rtxborihcM'ifWw I I Jv r '• 9 lOI** »x^^I 1 
•J W lii(* Two lases of Hwritip O ifovlcfo h t Jo>r Cof / l!Hn ail ■•11 

• Falthank Gen lal Disfa«es of the <telcton “ It t Jour S n st I^ 



BIRTH RR4CTURES 


287 



riG 4G3 lio 4i>l 

Birth fracture shaft of femur sbo nng the usual right angled descion of the 
proxuna! fragment (Fig 483) Treatment bj strapping the limb to the trunk 
over corrects tl e £fonn tj and fails to correct the shortening (Fig 46i) 



rto 460 

Girth fracture shaft of femur treated by atrapiing to tic trunk six >cars after 
Injurj Although the angulation is perfectly conwted bj remould ng there is 
still 1 in of shortening Note the downnaid titt of the pelvis on the injured s de- 
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nonnallT, inav be due to a fracture of tlie hmueni!. or clavicle to Erbj, 
palsy, or to congenital syplnbtic penostiti* The diagnosis of fracture w 
easily established bv cluneal and radiographic evainmation 

Treatment— The arm la strapped to the chest over a pad of wool which 
IS thick enough to mamtam moderate abduction of the limb The hand 
and fingers are left free The fracture ma\ unite with some outward 
angalatwn, but this will he corrected during the first two to three years 
of subsequent growth Perfect remodelling of the bone possible even 
if there la 40“’ or 50° of angulation 

FRACTDRE SHAFT OF CLAVICLE 

Fracture of the clavicle occurs m the middle of the shaft and is nearla 
always due to direct digital pressure on the hone during traction on the 
shoulders to dehver the after commg head There may be displacement 
of the fragments similar to that which occurs m adult fractures The injura 
often escapes notice for two or three ueeks until the lump due to callus 
formation becomes obvious Both cla\ icles ma^ be fractured “^imultaneousU 
A small pad of gauze dusted with talcum powder is placed in the axilla and 
between the arm and chest a sling is worn for two weeks Jvo other 
treatment i* nece^sara 


FRACmmE SHAFT OF FEMUR 


Clinical features — Fracture of the upper shaft of the femur niav be 
produced by torsion on the presenting leg m breech dehvenes but i* usuallv 
due to efiorts to deliver a breech with extended legs either hj groin traction 
or by bringing down the leg before delirerv of the baby The injury ma\ 
also arise durmg extraction of the child b\ Cxsarean section 

The normal attitude of the new bom child is one of general and strong 
flexion , the hip joints are flexed to the right angle bi tonic contraction of 
the psoas musclft* The proximal fragment of a fractured shaft of the 
femur u> therefore stronglj flexed and it uMiall\ lies at right angles to the 
distal frigment (Fig 4G3J 

Treatment — If such a fracture is treated with the thigh extended in a 
Thomas splint ^ m a plaster spica or m wooden spatula splints the 
fragments will umte with 90° of forward angulation It is true that even 
this degree of defonmtj maj disappear by the time the child is six or eight 
jears of age but the shortemng due to overlap and angulation does not 
di&appeir (Fig 40o) Crede suggested that the limb should be bandaged 
to the front of the infant s bod\ with the hip joint almost full% flexed This 
routme i& often used but the deformitx is then oxer corrected there is 
backward angulation and there max stiU be shortemng (Fig 404) The most 
rational treatment is to hold the hmb at nght angles to the trunk so that 
it hes exactlx m tlie axis m whicli the proximal fragment is held by the 
psoas muscle Overhead suspension of both lower limbs maintains the 
position and pre>^rves full length Sexera! splints haxe licen derived xrhich 
achieve these objects satisfactonlx * ’ * 
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The depressed area of hone often undergoes spontaneous elevation, 
but if it fails to do so it siiould be elevated bj operation Uncorrected 
depressions and furrows may persist into adult life The bone is easily 
sprung mto position by a hook introduced through a small trephme hole 
at the bottom of the depression 

EPIPHySEAL DISPLACEMENTS 

Birth injury maj cause displacement of the epiphyses at tlie loner end 
of the femur, lower end of the humerus or upper end of the humerus ’ - 
These mjunes are rare 

Lower iemoral epiphysis — ^The centre of ossification is present at birth 
and the radiographic diagnosis of backward displacement presents no 
difficulty The penoateum of the back of the lower shaft of the femur is 
stnpped and displaced backwards wuth the epiphysis If the displacement 
IS not corrected the subperiosteal haematoma ossifies and a new shaft is 
formed behind the ongmal one The lower end of the ongmal shaft is 
gradually absorbed The radiographic appearances become quite normal 
in two or three jears even despite complete failure of reduction If any 
attempt is made to correct the displacement, care must be taken not to 
compre<?s the popliteal vessels and so endanger the circulation of the foot 
Traction must be applied to the limb before the knee is extended Tlie 
knee is immobilised for three weeks on a spatula splint or m a birth- 
fracture frame (Fig 40<3) 

Lower humeral epiphysis — ^The centre of o<<sification of the Ion er humeral 
epiphjsis docs not appear until the latter half of the first year If the 
epiphj 818 is displaced backwards by birth injurj , rachographio diagnosis 
is impossible until ten or fourteen days after birth Ossification is then seen 
beneath the displaced periosteum behind and to one side of the lower shaft 
of the bone The clinical diagnosis may be made shortly after birth by the 
signs of helplessness and iraoiobdity of the Iirab, pain on attempted move- 
ment and swelhng of the elbow Ttaction is applied to the limb, and while 
it IS maintained the elbow is gently fleved to just abo\e the right angle 
It IS then supported in a shng E\en if the displacement remains imperfectlj 
corrected, the regenerative powers of the infant are such that an apparently 
normal bone is reconstructed, exactly as in injuries of the lower femoral 
epiphysis 

CONGENITAL PSEUDARTHROSIS OF THE TIBIA 
hereas birth fractures of the femur, humerus and clavicle unite rapidly 
and with massiie callus formation, congenital pseudarthrosis of the tibia is 
characterised by indolence of the fragments, minimal callus formation and 
non umon which often persists despite prolonged iramobilrsation and bone 
graftmg operations One child was treated by continuous and unmtemipfed 
immobilisation m plaster for four years without success®, another was 
operated upon fifteen times in a determined attempt to secure union , Putti 
reported eleven failures in thirteen bone grafting operations Henderson * 
recorded seven failures in eleven cases amputation was often performed 

• Sacbel ObsfctricalDKocAtlonoftppef nuineT»lEi>lphj-5ls" iTOrtAop , W.xslr.SOl 
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TJie birth fracture irame ^vhieh has been made for me is of the simplest 
possible type and has proved effective (Fig 466) Bindage is firmlv bound 
over the base and on this the infant lies there are tuo notches on the 
crossbar and extension strappmgs from each lower hmb are fastened to 
them The limbs must be held with sufficient tension to raise the buttocks 
from the bandage slings Traction on the limb may be incmased bj 
bandaging the trunk of the infant to the frame In this frame nursing 
presents no problems , napkins are used m tlie ordmary waj and there is 
no difficulty from pressure sores Union is usuallj quite firm m four weeks 
and the apparatus is then discarded 


Tig 4GG 

B rth fraclurp frarap for wy nes of the femoral shaft Ti e over! oa<l 8u«(>orM o 
ma ntains length and keeps Iho 1 mb n tie 1 reel on n «hch tho {roxma 
fragment is hel I by the psons mu cle 


DEPRESSED FRACTURE OF SKULL 
The pliabilit> of the skull and the wide open sutures protect tho cmniil 
bones of the infant from fracture Eten setero intracrannl birth injiinos 
aceomp'inied bj asjilijxn circulatorj and respiratort fiilure and (Citbrnl 
h'cmorrhage with spastic diplegii are usually unaecoriipimed bi frnctvn 
If a fracture is sustained the parietal bones ire usuolh iniolrctl and the 
mjurj is due to pressure of the head on tho bones of tho jiehjc inlet 
particularly tho promontory of the sacrum in delucry through a shghth 
contracted pelvis Attention max be drawn to the in]ur\ In (he o^vrlying 
subperiosteal h'cmatoina 
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The depressed area of bone often undergoes spontaneous elevation, 
but jf It fads to do so it sliould be elevated bj operation Uncorrected 
depressions and furrovs may jiersist into adult life The bone is easily 
sprung mto position by a hook introduced through a small treplime hole 
at the bottom of the depression 

EPIPHYSEAL DISPLACEanSNTS 

Birth mjury may cause displacement of the epiphyses at the lorrer end 
of the femur, lower end of tlie humerus or upper end of the humerus ’ ^ 
These injuries are rare 

Lower iemoral epiphysis — ^The centre of ossiBcation is present at birth 
and the radiographic diagnosis of backward displacement presents no 
difficulty The periosteum of the back of the lower sliaffc of the femur is 
stnpped and displaced backwards with the epiphysis If the displacement 
IS not corrected the subperiosteal hiematoma ossifies and a new shaft is 
formed behind the original one The lower end of the ongmal shaft is 
gradually absorbed The radiographic appearances become quite normal 
in two or three years even despite complete failure of reduction If ani 
attempt is made to correct the displacement care must be taken not to 
compress the pophteal \essels and so endanger the circulation of the foot 
Traction must be applied to the limb before the knee is extended The 
knee is iramobihsed for three weeks on a spatula splint or m a birth 
fracture frame (Fig 400) 

Lower humeral epiphysis— The centre of ossification of the loner humeral 
epiphj'Bis does not appear until the latter half of the first year If the 
epiphysis is displaced backwards b^ birth injurj radiographic diagnosis 
18 impossible until ten or fourteen dajs after birth Ossification is then seen 
beneath the displaced periosteum behind and to one side of the lower shaft 
of the bone The clinical diagnosis maj be made shortly after birtli bi the 
signs of helplessness and immobility of the hmb pam on attempted move 
ment and swelling of the elbow Traction is apphed to the hmb and while 
it is maintained the elbow is gentlv flexed to just above the right angle 
It IS then supported in a sbng Even if the displacement remains imperfectly 
corrected the regenerative powers of the infant aro such that an npparonth 
normal bone is reconstructed exactly as m injuries of the lower femoral 
epiphy sis 

CONGENITAL PSEGDARTHROSIS OF THE TIBIA 

liereas birth fractures of the femur humerus and clavicle unite rapidly 
and with massne callus formation congcmtal pseud arthrosis of the tibia is 
chancterised by indolence of the fragments minimal callus formation and 
non union which often persists despite prolonged immobilisation and bone 
grafting operations One child was treated by continuous and uninterrupted 
immobilisation m plaster for four \cars without success® another was 
operated upon fifteen times m a determined attempt to secure union Putti 
reported eleven failures in thirteen bone grafting operations Henderson * 
recorded 8e%en failures in eleven cases amputation was often performed 
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after many years of treatment because limbs were shortened ntroplnc and 
functlonall^ useless 

Tbe pathology is not yet fully understood Xb abnormalitj has been 
found in the blood calcium phosphorus or phosphatase levels there is no 
hereditarj factor and the condition is seldom associated mth congenital 
deformities or developmental errors Patches of cafe an lait pigmentation 
of the skm have been reported m some cases but not m all ^ The proof that 
pseudarthrosis of the tibia is not a true congemtal abnormahtj lies in the 
fact that the child is often normal at birth Three tj'pes ma\ be recognised 

(1) the infant is born mth a iiactijre of tbe tibia irbicb ms siistawed beibre 

or durmg birth and nhich fails to umte (2) the infant is born uith angular 
deformity of the tibia but no fracture and pseudarthrosis devehjis in later 
months or years as the result of fracture or osteotomy * * (3) tlie infant 

IS normal at birth but sustains a fracture of the tibia with pseudarthrosis 
in earlj childhood It is clear therefore that congemtal pseudarthrosis 
and birth fracture are misleading terms I personally doubt whether ani 
congemtal or constitutional abnormalitj exists I think it is more likeK 
that pseudarthrosis is due to the same local conditions \ihich cause non union 
of tibial fractures m adults This is suggested b> three features winch arc 
common to all cases of pseudarthrosis in infants (1) the site of fracture 

(2) the angulation of the fragments (3) the instability of the fracture and 
difficulty of mimobilisation The site of fracture near the junction of the 
middle and loiier thirds of the shaft of Uie tibia is a level xihere the blood 
supplv of the bone is feeble and where fractures m adults often shoiv marked 
indolence minimal callus formation and elon union in striking contrast 
with shaft fractures elsewhere The delajong influence of a poor blood 
supplj «as discussed in Chapters I and II and it was shoim tliat slow 
umon from this cause often leads to non union if there is also sheanng stnun 
and imperfect immobilisation One important source of shearing strain 
which only recently has gamed full recognition is weight bearing on an 
angulated bone (Chapter \XW) This obvious!} applies to tibnl fractures 
in mfants because a marked degree of angulation js almost mxanahle m 
congenital pseudarthrosis and earl} weiglit Iiearmg has long been encouraged 
m the hope of stimulatuig union Moreoier the factor of imperfect 
immobilisation known to be so important in adult fractures h stilt more 
evident in the fractures of infants Even when tliere is no fracture it is 
most difficult to immobilise the elastic bones and jouits of infants Everi 
orthopa?dic surgeon is aware of the incredible ficiht} with wjiich a balie can 
ttTiggle his hmb out of a plaster applied from toes to groin with right angled 
flexion of the ankle and knee joints How much more readil} can a child 
wnggle Ins limb when there is also a fracture espccialK when it is a fracture 
with complete lack of natural stabilitx owing to the conical shape of the 
pointed fragments and the intervening gap In the infant no matter wliat 
care is used it is impossible to inunobiJi'so a fracture of the til la coinpleteh 
b\ the external fixation of splints or plaster Eien tlie intenial fixation of 
a bone graft is inadequate if a single autogenous graft is used liccau'-e the 
bone is so slender and fixation «o difficult If it is true that the union of 
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fractures of the shaft of the tibia in infants is dominated bj the same influence 
of blood supplj as the umon of fractures m adults and that the same complete 
and prolonged imraobihsation is needed, the source of congemtal pseud 
arthrosis is explained This uould be confirmed if a new method of 
grafting was devised and it %vas found that complete mtemal fixation and 
complete protection from angulatory stram was alwajs successful in securing 
union Recent experience ^ suggests that this maj now have been accoin 
plished and supports the view that failures in the past were due not to 
obscure pathological changes in the bone but to imperfect operative 
techmque and reUance on slender grafts 
madequatelj fixed to angulating bones * 

The first point m the techmque is that 
an inlay grift can seldom hope to succeed 
because it is necessarilj more slender than 
the verj slender liost bone moreover the 
preparation of a bed for an inlay graft in 
voh es excision of the conical ends of the 
fragments and serious increase m the gap 
between them An onlay graft must be 
used so that all host bone is preserved 
(Figs 467 468) In the second place tho 
fixation of a single graft to atrophic 
attenuated fragments presents almost 
insuperable difficulty and it is doubtful 
whether such grafts were ever completely 
successful in controUmg angulatory strain 
Double onlay grafts must be used one 
on each side of the pseudarthrosis fixed 
securely to each other with the host bone 
clamped between themasifmavice Suffi 
cient strong bone for dual grafts can seldom 
be secured from the skeleton of the infant tncongerutafp^'iclarthro-nsofthetibiaan 
and maternal grafts are usually necessarj increases the gap between the fragments 
Finally the fixation of the grafts, tlie pre -*67) rhe«o difEeuJties are met bj 

\ ention of recurrent angulation and tlie '*o“*^*« 
control of strain at the site of pseud 

arthrosis must no longer depend on the devices formerh used — ^fragments 
of ware and pieces of catgut which any carpenter would laugh to scorn 
Screws wluch completely fix the grafts and transfix the host bone must 
be used Recent metallurgical research with stainless steel vitalhiim and 
other alloys has made it possible to use screws without fear of reaction 
and loosening in the bone, and it is this development in surgical equip 
ment which has made the modem technique of onhj grafting possible and 
provided the kej to the problem of congenital pseudarthrosis of the tibn 
(Figs 469 471) 

Before the introduction of vitalhum screw fixation for double onlaj grafts. 
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Macfarland ^ recorded successful results from a bj pass technique of bone 
grafting (Fig 472) Without attempfmg to correct the deformity , a massn e 



Fio -<7. Fro 4"3 

A congeo tal pseudarthros^ of the m d<ile third of the tib s treated a 
bn Ige graft and it united (F g 47'*) but at the lo er end of the graft where 
there was still angulatorj strain duo to the forward bo i of the t bia a second 
pseudarthros s dereloped {F g 473) presumably «t the e fc of a fine ertich 
sustained dor ng the graft ng operation 

graft uas hedged on the concaae side of the angulatcci bone at a distance 
from tJie pseudarthrosis otJuch was bridged bj the graft He belio\od tiiat 
one reason for his success might be the lack of direct contact between graft 
and pseiidarthrosis where it appeared that osteolysis was almost malignant 
in its cajiacitj to absorb all bone within reacli ilie tnie importance of his 
technique was the secure fixation of a stout graft to a broad base of bone 
well abo\e and well below tlie site of pseudarthrosis m such a po'jition that 
the nihihitora efTect of angu!ator\ strain was excluded b\ short circuiting 
the angulation This is confirmed bj an interesting case m which 1 iKrformcd 
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"Vlacfarland s operation The pseudarthrosis •nns bridged b> a stout graft 
so that the line of ireight hearmg passed through the graft and no longer 
through the anguhted bone The pseudarthrosis promptly united But 
the degree of angulation of the tibia -vris such that "weight beanng still pas'^ed 
in front of the ankle joint there "was still a forward bow of the tibn at tl e 
site of impaction of the lower end of the gnft and at this level a secon 1 
pseudarthrosis developed (Figa 472 473) It is presumed that a shgl t 
crack was sustained at the time of the grafting operation wluch was slow m 
heahng so that after several months with the renewal of weight bearing and 
angulatoTj strain the crack widened to an obvious fracture and developed 
all the characteristics of congenital pseudarthrosis A further operation 
was performed ahgnment was corrected at the second pseudarthrosis so 
that weight w as transmitted aceuratelj through the tibia from knee to ankle 
and fixation was maintamed by onlaj grafts screwed to the host lone 
Further progress w as uneventful 
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CHAPTER XIII 


FRACTURES OF TRANSVERSE AND SPINOUS PROCESSES 

CLASSrnCATIOK OF VERTEBRAL INJURIES 

Fractures of the spine maj be divided into three groups corresponding 
to the three anatomical components of the vertebra — the muscular processes 
the vertebral body and the neural arch The injuries which may be siistamed 
are closely related to the function of these structures (1) the transverse 
and spmona processes serve for the attachment of muscles they are usually 
fractured bj muscular violence and displacement of fragments is always 
due to the retraction of muscles (2) the vertebral bodies transmit weight 
tbej are fractured by the compressing force of excessive weight bearing 
and displacement is due to the superimposed weight (d) the laminai 
articular processes and pedicles protect the spinal cord and nerves they 
are fractured by a shearing force and displacement is usually associated 
avith injurj to the nerves 


FRACTURES OF TRANSVERSE PROCESSES 

Etiology — Injuries of the transverse processes are almost confined to 
the lumbar region The quadratus lumborum arises from the crest of the 
ibum and is inserted into all five lumbar transverse processes and to the 
twelfth nb A sudden unguarded contraction of the muscle may crack 
one or more processes In other cases a fall from a height or the dioipping 
of a heavy weight maj force the trunk to the opposite side and m attempting 
to resist the movement the powerful contraction of the quadratus lumborum 
tears it awaj from its insertion (Fig 474) Several transverse processes and 
sometimes all the processes on one side arc avulsed After severe crushes a 
Ime of injury maj be traced from the pelvis through the transverse processes 
to the ribs which are also fractured 

Severity of the injury — Tlie radiographic picture conv evs a false impression 
of the injurj The small detached bone fragments appear trivial and 
unimportant a short disability period is expected \\ hen it is found 
that the disabihtv is prolonged theie is a temptation to blame tlie patient 
and accuse him of neurasthenia or even of mnhngermg If attention is 
paid to tlie soft tissues between the fragments the severe nature of the 
injury is more easilj recognised There is a widespread Immatoma 
Muscles fasciae and aponeuroses are torn Blood vessels are damaged 
The sensory nerves traversing the region are stretched or avnilsed and in 
the later stages the\ mav be compres-^ in the scar tissue (Fig 475) There 
IS extensive traumatic exudation which loads to scar tissue and adhesion 
29 
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formation and the exudation is mcreased by early movement and passive 
stretching It is certainly our dutj to be optimistic and to encourage the 
patient But to go to the lengths sometimes advised of refusmf' to 
immobilise the torn structures of reassiirmg the victim that his back 1^001 
broken of mstitutmg immediate exercises and passive stretching and of 
urgmg an early return to work is wrong The lacerated tissues must be 
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Fractures of the Ihinl fourth aiul fifth lumbar transTcrvt 
processes oa the rgbt ede wtb subpenosteal ossiEcal on 
w the or gia of the quadratus lombonim from the l) nm 
The first lumbar trsnsrersc processes sro developed separate! 
as f mbar nbs 

immobihsecl Functional activity should he instituted at an cirh stage 
but mobilising exercises must be deferred until repiir is sound 

Diagnosis — There is severe pam in the flank and tenderness on deep 
pressure in the mterval between the spinal and abdominal muscles Pam 
13 increased b^ passive stretching of the trunk to the opposite snJe and b} 
active flexion against resistance to the same side Hj'pcroxtension of tie 
hip by pulling on the psoas muscle also increases the pain 

Errors m the radiograpl ic diagnosis maj arise unless care is taken to 
distinguish the margins of gas si adons in tl e colon and of the psoas muscles 
which cross the shadows of tl e tmnsverMi irocc^ses On one or loth sides 
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of the first lumbar vertebra the transverse process maj be congenitally 
separated to form a short lumbar nb (Fig 474) The epiphyseal lines of the 
transverse processes must also be distmgmshed 

Treatment — A crack through one or two transverse processes without 
separation of the fragments does not require immobilisation in plaster 
The lumbar region is firmlj strapped and bandaged for three weeks 


Fractures of the trxinsrcrEo processes arc duo to avufa oa of the 
qusdratas fnaThravjB sa^ the lasaryia more severe fhaa the rsd ograph 
suggests There is extensive tearing of tasoiae aponeuroses inu‘>ele9 
blood vessels and nerves 


Cautious acbvjtj is resumed wjthin a few days and full actnitj is 
encouraged after four weeks In these cases recoven is rapid and the 
disabibty is ummportsnt 

If avulsion of several transverse processes shows that there has been 
extensive tearing of the lumbar muscles a plaster jacket is applied over 
a smgle lajer of stockinet extending from the lower pelvis to the nipple 
line and it is kept in position for six or eiglit weeks Eccumbencj is 
unnecessary Within a few dajs the patient should dress nomiallj After 
two or three weeks when the acute pam has subsided exercises are 
practised for the spinal musculature (pp 318) The protection of 
the plaster jacket is sufficient to prevent stretching of the repamng tissues 
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After eight weeks the plaster is discarded Iso posterior spinal support 
should be prescribed ^Mobilising exercises are necessary, and thej ate 
gradiiailj increased Tlie resamption of work and of recreational activitj 
IS usually possible withm from tliree to si^ mouths 

The transverse processes may fail to umte by bone This is not of an} 
significance The injury is essentiidly a muscle rupture rather tlian a fracture, 
and. fibrous repair is to be expect^ ^ Removal of detached fragments is 
not mdicated After the severe injuries, localised adhesion formation 
may be reheved by manipulation of the spme performed some months after 
injury On the other hand more severe and extensive ruptures cau'ie such 
dense adhesion formation that manipulation is seldom of value Contracture 
of the scar tissue especially when there has been no immobilisation, maj 
even be sufficient to produce a well marked lumbar scoliosis 

FRACTURES OP SPINOUS PROCESSES 
“ Clay Shovellers’ Fracture ” 

In the fully extended position of the trunk the spmous processes are 
protected from direct mjurv In the flexed position, one of the Jong upper 
dorsal spinous processes may be fractured bj the blov of a cricket ball 
or of a hammer, brick or other object dropped from a height More often 
the spinous process, usually of the first dorsal or seventh cenical aertcbro, 
xs aviilsed by muscular violence * Under the title of Shoveller s Disease ’’ 
DebnoJi ® reported 187 cases observed within a period of sixteen months 
and Matthes treated 107 cases in two }ear8 In this countr} few surgeons 
have seen more than one or two isolated cases * 

The injury is sustained almost mvanably by labourers shoveUmg dirt 
or clay Dunng the act of dnvmg m the shovel, or during the upward 
thrust mto the air, the patient experiences a snapping sensation between 
the shoulder blades followed by progressive pain which makes it mipossiblo 
to continue work Radiographic exammation shows a fracture of the 
seventh cervical or first dorsal spinous process In some cases the temiinal 
half of the process is completely avulsed and displaced downwards L\ the 
pull of the rhomboid muscles Immobilisation la unnecessarv and operative 
excision of the detached piece of bone as recommended m recent reports * 
also seems to be unnecessarv Despite fibrous umon of the fragment, 
patients usinllv return to work free from svniptoms in about five weeks 
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CHAPTER XIV 


FRACTURES OF DORSO-LUMBAR VERTEBRAE 

Fractures of vertebral bodies are usuaHj sustained at the junction of mobile 
and relatively immobile segments of the spine The lumbo dorsal and 
cervico dorsal junctions are therefore involved and the most frequent 
injury is to the tivelftli doraal and first lumbar vertebrre Host fractures 
are sustained nbile the apme is in flevion extension fractures are extremely 
rare 

TYPES OP VERTEBRAL BODY FRACTURE 
1. Flexion Fractures 

The direction of the flexion force dctennines the type of fractui'B— 
{!) the patient falls from a height m the standing or sitting position , the 
spine 13 in slight flexion and verticil compression causes v edging of one 
or more vertebral bodies (2) the patient is stooping and a heavy weight 
falling on the shoulders sharply angulates the spine into acute flexion , 
a comminuted fracture of one vertebral body results (3) the patient is 
stniok behind the shoulders by a moving object such as a falling weight 



Tho ihreo Tarietjes of tlption fnclure of rrrtcbia) aimplo wpd^ fwcturo duo to 

cortical couiprossion (Fig 476), oommmutod fracture due to acute fle'tjon ongulalion 
(Fig 477) , fracture dislocation due to flexion with traversing momentum (Pig 478) 

{F tf««« 4 C fo 502 Anr« ir Ih a ft r rrrrpf <»« tmi rrprnl«v4 bi/rottrtfty of tie ‘"Journa' of Tmt end 
Jn\nt ‘'Ururrir fromtheariUvrtaTteUtMiTat xvt 1031 end rig xi lOH) 

301 





302 INJURIES OE THE TRUNK AND HEAD 

or a motor vehicle which flexes the spme and adds a traversmg momentum , 
the forward displacement of the upper segment causes a fracture* 
dislocation The nature and extent of the injuries and the treatment and 
prognosis is different in each of these three t^’pes 

Simple wedge or compression fracture— This is the commonest group of 
spinal fractures and it inchides DO per cent of vertehnl bod}’ injiines The 
wedgmg IS due to diffuse bendmg with vertical compression (Fig 479) 
As a rule more than one vertebra is involved Two, three, four or even 
five bodies ma}’ show reduction of the anterior vertical depth In some 
cases the wedging appears to he confined to one i ertehra, but actual 
measurement shoHi» slight diminution of the 
anterior depth of the bodies above and below 
The patient maj have fallen from scaffold 
uig, from a crane, from a ship’s deck, from a 
ladder or from a roof The result is tlie same 
whether the victim strikes the ground in the 
sitting or m the standing position For 
example, one blade of the propeller of an 
aeroplane broke off in the air, the phno 
settled to the ground like n leaf, with the 
pilot and 1)18 wife still sitting in the cockpit, 
and liotii victims sustained wedge fractures 
of the lumbar vertebr-e A workman foil 
50 ft and Jande<l upright m soft soil 
Although his back had not come into 
contact with anj object, he had fractured 
his himbor spine A •sailor fell from the 
crows nest dOwn the inside of a ship’s mast 
and fractured both heels and the lumbar 
spine The association of wedge fracture 
of one or more vertebral bodies with cmisli 
fracture of the os calci:> is not uncommon, 
and when eitJier-*or the'^e injuries is found, 
the patient must be speciallj examined to e^hide the other 

In this tjpe of mjury tlie elastic intervertebral discs escape damage 
There is no fracture of the pedicles or Janiina?, and forward tilting of the 
bodies is possible only tlirough niovement of the interarticidar joints 
These joints are not actuallv dislocated but thej are usual!} strained 

Comminuted fracture — Ten to fifteen per cent of vertebral bod} mjiinei 
are commuiuted fractures The fracture is the result of a more localised 
angulation of the spme such as occurs from the fall of a weight on the back 
of the shouldem Tlie injiii^' occurs ui coal mines from falls of roof "'iSlliere 
13 such sharp angulation that tho anterior angle of one vertebral hodv is 
driven mto the middle of the adjacent bod} Tins produces a triangular 
depression of the intervertebral surface which correspoiuK exact!} in size 
and shape with the anterior angle of the vertebra above (Fig 
Occasional!} both upper and lower surfaces arc siinihrly depres>od, ami 
anterior marginal fragments Jiavc been squeezed forwanls 

It IS important to recognise tlie comminuted tv |>o Iwau^e union i"* much 
slower than after simple wedging and compression lloreovcr the uifcr- 
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\ ertebral clise is often ruptured and narrow 
mg or disappearance of the disc space maj 
cause slight kvphosis despite complete reduc 
tion of the bone The injurj is so localised 
that one pair of interarticular joints take the 
uhole strain and pain often persists imless 
earU operate e fusion of the spine u. per 
formed In mana cases howe\er the disc 
IS so damaged that bon 3 ankjlosis occurs 
between the \ ertebral bodies and pain is then 
relieved In rare cases of commmnted fracture 
the impaction of the adjacent vertebra not 
onjj displaces anterior marginal fragments 
foru ards but also displaces posterior maigimtl 
fragments bacLiiards into the neural canal 
Tliere is then a considerable danger of spinal 
cord injury and sjiecial treatment is necessary 
(Chapter W) 

Fracture dislocation — In about 20 percent 
ofdorso lumbar vertebialbod^ fractures there 
IS forward dislocation of the upper segment 
of the spine 

(Fig 481) Tile injurj is primarilj a dis 
location of the intervertebral joint and 
wedging or comminution of the aertebra 
below IS incidental Tlie neural aroh mjurj 
IS a fracture of the pedicles or lainmie or a 
dislocation of tl e interarticular joints The 
spinal cord and nerves maj be damaged ba 
contusion or compression and the treatment 
may be dominated bj the paraplegia Jsever 
tlieless the bone displacement is comparable 
With simple compression and comminuted 
fractures in that it is due to flexion force 
and that it is corrected bj extension 

In some coses of fracture dislocation w ith 
bilateral interarticular joint dislocation the 
upper segment of the spine is not onlj dis 
located forwards but it is also displaced to 
one side m such a waj that the articular 
processes are locked These injuries are 
particularU dangerous and special treatment 
IS necessary (see Chapter \\ ) 

2 Extension Fractures 

The anterior common ligament is of such strcngtli that rupture or 
avulsion of the ligament from its bony insertion bv JnTierextension strain 
is almost impossible HjTierextension fractures are therefore iixtrcmeJy 
rare TJiey will be considered together with other exceptions to the usual 




tio 4^0 

Unreduced coiaro nuttd tract re 
of vertebral body 


304 


INJURIES OF THE TRUNK AND HEAD 

treatment, in Chapter XV It is this strength of the anterior common 
ligament and of the anterior attachments of the inter\ ertehral { 11*10 n Inch 
makes jb possible to reduce flexion fractures of the spine bv lij pcrextension 
■\Vhether tlie fracture is a simple wedge compression, a comminuted fracture 
or a fracture dislocation, the displacement is corrected h\ the tension of 
the anterior common ligament which is produced b.i hj-perevtension of the 
spine 

CLINICAL AND RADIOGRAPHIC DIAGNOSIS ' 


Chnical signs — ^The important clinical sign is prominence of one spinous 
process Even if this is not visible the prominence can he felt vlicn the 
examining finger is passed down the line of spmoiis processes Tiie patient 
usually but not always complains of pam , careful eiammation is necessan 
whether there is pam or not 

Radiographic diagnosis — Radiographic examination is essential The 
lateral view discloses the injury more elearlv than the antero posterior 
view Even trivial wedging of a vertebral body, or shght buckling of the 
upper or lower margins must be accepted as a complete fracture Tlie 
position shown m tlie radiograph does not represent tlie maximum deformity 
which IS possible Leverage of the spme aboae and belou the mjur> is so 
powerful that any movement alters the deformitj In the extended position 
deformity is minimal, and yet as soon as flexion is permitted wedging 
appears If the spine is not immobilised in full extension the bone will 
absiorb the wedging increase, and severe deformity deaelop 

" KummelVs disease ” — ^This condition was first described before lateral 
radiography of the spme was available * It was believed that a vertebra 
though not actuall}’ fractured could be injured, and that delaacd defonnitj 
supervened after manj months or jeais There is probably no sucJi 
condition Kumraell's disease is simply an overlooked fracture of the spine 
in which failure to immobilise the injurj' has caused progressiie wcilging 
and absorption of hone 

Radiography mfenon — If routine radiographs are mconchisuc, further 
films may be taken with the spine in flexion Tins often discloses tlie 
injury more clearly (p 159) 

Repeated radiographs ajter an tnlenal — If there is still doubt, the 
examination should be repeated ten to fourteen dajs later The flexion 
sioieaieats per^intted in t}>e miervai wxU to light am nus/vctcd 

fracture (p Ij^) 

Differential diagnosis — ^Wedging of the lower dorsil aertehre in 
Scheuermann’s disease is often mistaken for a crush fracture, cspccinlh 
when the disease has developed so graduallj that there liave been no 
symptoms and tlie patient has acoeptetl the shghtlj rigid round back ns 
normal The disease develops after puberty, mvohes the seventh to the 
tenth dorsal vertebra and accounts for a rounded low doryil kvpliosi** 
All the bodies are equallj wedged and there is equal narrowing of nil the 
intervertebral discs There roaj be herniation of the nucleus pulpo<ftis 
into the adjacent bone causing small depressions of the intcncrtehraJ 
surfaces (Fig 482) In later jeirs there is Jippmg of the anterior margins 
of the vertebral bodies (Fig 483) Tlicse features and the rantv of cm‘»h 
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Fiq 482 


Scheusrzaano 9 disease m patient aged 
eighteen showing narrow discs, wedged 
bod es and hernial protrus ons of nucleus 
pulposus 



Fir 483 

Old Scheuensanns d sense in patent 
aged thirty fire showing narror discs, 
wedged bodies and lipping of the rerte 
brsl bo ly margins 


fracture m tbis particular region serve to differentiate tJio disease 
Kyphosis due to congenital wedge vertebra and to the destnictive changes 
of tuberculous disea'^e and secondary neoplasms is more easily differentiated 
by the tj pical radiographic appearances 


PRINCIPIiE OF REDUCTION BY HYPEREXTENSIOH 


The fracture is produced by forcible hyperflexion When the compact 
layer of the vertebral body is fractured the framework of cancellous bone 
collapses like a concertina The pivot of collapse is the mterarticuhr joint 
Similarly the interarticular joint ma\ be made tlie fulcrum for reojienmg 
the bone uhen the spine is once more extended The annulus fibrosus of 
the intervertebral disc and the attaclimenta of the anterior common 
ligament anchor the vertebrro together and simple Ii\ perevtcnsion of the 
spine completes the reduction 

Davis’ suspension techmqae — ^In 1929 Davis* adiocated extension of 
the spine by overhead pulley traction on the feet of the prone patient w ho 
was fully aniEstbetised (Fig 484) Manipulation vas then made b> 
several quick but measured dounward tlirusts at the sides of the kyphos ” 
A plaster bed was made, extending from the head to the knees and in this 
the patient lay for several months 
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Watson-Jones’ postural reduetioni'—In 1930 a method of postunl 
reduction was described The conscious patient lay prone belucen tno 
tables BO that the spme gently sagged to the nornial limit of hyperextensim 
1 tg 48 o) No manipulation, traction, or direct pressure was eniploicd 




Fid 4Si> 

Watson Jones trehniqiie for postural 
reduction of lertebnl bodj fractures 


Anassthesia w&s unnecessary Tlie patient’s bod,j weight was sufficient to 
reduce the fracture A plaster jacket was applied from the groins to the 
clavicles and within a few days exercises and simple recreations wore 
resumed 

Methods o£ controlled extension — Since that time manj other methods 
of achieving extension of the spine have been recorded The prono patient 
IS supported on a ^ent^al slmg or hammock, or on the canvas of a Ttogcrs’ 



na 4SG 

reduction of vertebral body fractures by controlled degree of ustetwion Tiie jieUi'i 
does not fully tilt forwards tbo limit of h5T»erovtcnsion mnv not b<. rcjehcHl enl 
rcdoction is often imperfect 


frame ® , or tlie supine patient is laid on a curved strip of niotal, on a motor 
jack,® or on the kidnej bar of an operating table which is slowlj pumjxxl 
lip (Tig 4S0) It might appear that all these procedures acliio%o tlio same 
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object but in fact they are essentially different from the onginal teclmique 
Whereas hy the first methods tlie unsupported trunk finds its oarn limit 
of hjperextension by tliese methods the surgeon determines the degree 
of extension and supports the trunl in that position But it is not enougli 
to extend the spme it must be hjperextended and it must be hjper 
extended to the limit of this movement Only when tins limit has been 
reached is the anterior bgament sufficiently taut to complete the reduction 
The limit of hyperextension varies considerably in different patients and 
the surgeon cannot possibly estimate it the spine must be unsupported 
so that It finds its own limit Moreover the pelvis must be fully tilted 
forwards and the abdominal muscles put on a full stretch A ventral sling 
adds to the patient s comfort during reduction by preventing this tight 
stretched feeling but in so doing it prevents complete reduction For the 
routine treatment of lumbar and lumbo dor^l fractures the two table 
postural method is the most simple If for anj reason the surgeon 
must use general anzestbesia the Davis suspension technique is better 
because the patient s co operation is a nccessan part of the postnra] 
method 

Tlie method of postural reduction of fractures of tlie spine is so simple 
that there is a danger of overlooking details which appear trivial but uhich 
make the difference between success and failure Incomplete reductions 
uith imperfect results are often seen Tlie tecl nique must be considered 
m det ul 

TREATMENT OF DORSO LUMBAR FRACTURES— COMPRESSION TYPE 

Fust aid treatment — Onlj the suigcon who has actuallj reduced aertebral 
fractures and has seen the kyphos smoothly disappear as the spine uas 
extended can fully appreciate the power of the levers represented hy tl c 
segments of the tnink aboae 
and below the injury Gentle 
extension movement even in a 
conscious patient corrects the 
displacement similarly gentle 
flexion movement increases 
the displacement If the 
victim IS lying face upwards 
and is lifted in tlie usual way 
bj the shoulders and legs the 
spine IS strongly flexed and 
the cord is m danger of com 
pressiou (Fig 4S7) Cases of 
suspected spinal injury must 
neier be lifted in this wax 
Sagging between tfie points of 
support must be prexented Roller towels or broad slings must bo pas'scd 
under the dorso lumbar junction as well as under the shoulders and laps 
m order that the spine shall rcmam m the neutral position The Mctim 
who IS lying face downwanls with a simple wedge or conimmiited fracture 
max be lifted quite safeK in this position oxen without siiecial shngs for 
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the spine is then extended and the displacement reduced The patient 
may be allowed to lemain prone on a stretcher or in bed If jnUous 
are placed beneath the upper chest and lieid tlie position is perfecth 
comfortable ^ 

Importance of initial radiograph— Before an} attempt is made to reduce 
the fracture good radiographs must be examined in order to be sure that 
the case is suitable for hyperextension treatment Tliere are a few rare 
xertebral body injuries in winch this treatment is inadvisable or e\en 
dangerous (Chapter XV) 

Anresthesia — ^An anaesthetic is not essential There may bo discomfort 
m the arms where the weight of the trunk is borne and m the abdominal 
muscles which are atretclied but there is seldom severe pain in the bach 
Local anajsthesia has been advocated by injecting 20 o c of 5 per cent 
novocaine deeply between the spinous processes m the hope tlmt it will 
diffuse through the fracture haematoma It is somewhat doubtful whether 
an impacted crush fracture of a \ertebral body can really be anvsthetised 
m this way In any event there is seldom pam m tins region so tint local 
anaesthesia is of little or no valne If the patient is a strong nunciiKr 
individual wlio cannot relax spinal anaesthesia may be used 'Morphiue 
should be given sparmgly for it may cause abdominal distension and 
predispose to paralytic ileus General an-esthesia is a disadvantage and 
IS only to be considered m fractiwes winch are more than two or three 
weeks old 

Preliminary preparations — Reduction of the fracture and application 
of the plaster should occupy no more than ten or twelve minutes All 
preparations must be completed before the patient is in jjosition A double 
layer of 8 in wide stockinet is pulled over the trunk and fixed over 
the shoulders, and in the perineum There must be no bulky wadding 
Even with a minimum of padding the plaster jacket will become loose within 
a few weeks and if wool and felt padding is used too generously the fracture 
will redisplace despite the plaster Care must be taken to prevent pressure 
sores over the anterior superior ihac spines and especiallv over the kyphos 
A pad of ^ in adhesive felt is placed over each iliac spine and a piece of 
i in adhesive felt 6 in by 4 in is applied over the spinous processes A 
window 4 in by 2 in will be cut in the plaster centred on this piece of felt 
so that pressure over the ky'phos is entirely relieved 

A pail of water a supply of wide plaster bandages and a dozen ilry 
plaster slabs are prepared to facilitate rapid application of the cast Two 
tables are arranged end to end with a space between slightlv greater than 
the length of the patient s trunk The front table sliould be 10 or 12 m 
higher than the other 

Position of the patient— The jiatient is lifted into position ami ho sujiporls 
himself on the front table bv his abducted arms (Fig 48S) It is imiwtnnt 
to note the exact position of the tables The space between tliein must be 
so wide that the trunk is entirely unsiipiiortod If the lower ta!)Io extend?, 
bevond the syonphysis pubis and the groins the pelvis cannot tilt forwards 
and tile lumbar spme wall not be compJeteh extendetl fins is a frcijiimt 
source of imperfect reduction (Fig 480) Jhe upper table must not be too 
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close to the chest (Fig 490) The n-hole of the front of the trunk must 
be easilj accessible so that the plaster can be carried up to the level of 
the clavicles 

Application of plaster jacket — There is no necessity for iii\ jjut&e the 
fracture will be reduced by the time the piaster is completed Siicccssire 
la 3 ers of plaster are rubbed firm]} mto each other This degree of pressure 
IS sufficient to complete the reduction There should be no manipulation 
and no forcible thrustmg over the ^'phos The jacket must e\feml from 
the symphysis pubis and the groins up to the chi icles A strong nni of 
plaster must remam over the qmiph^sis but an ellipse maj be cut anai 
from each groin to permit flexion of the laps Plaster maj also be removed 

from beloM the shoulders and 
axill® in order to iiemnt arm 
movement it must not lie cut 
awaj from the chncles or 
1 sternum (Figs 401 492) Onh 
if there is an intact cur\e of 
I plaster from the pelvis to the 
- clavicle IS flexion movement 
i prevented Posteriori} the 
\ i plaster extends from the 
•y gluteal cleft to the scnpul-e 
J It js a common mistake to 
^ carr\ the plaster no hig! cr 
than the nipple Ime Pedis 
placement is then ineMtablo 
If the patient complains tint 
the plaster digs into the thighs 
or presses on the neck it must 
not bo cut ana} so free!} tint 
it IS possible for him to sit holt 
upright and to flex fonrarda 
over the upper margin He 
must be taught how to sit and 
to he propped with •pillows so 
that ins trunk is exteiided awax from the plaster Iigs 493 494 ‘*ho« 
a plaster jacket uhich is no luoce than an ornament It is so short tint 
it is not reallx immobilising the spmo and it is certnmh not prexenting 
flexion movement The large abdominal window has been cut before the 
plaster uas dr\ and the patient can flex the spine almoht as freelx ns if he 
was not m plaster at all 

ImheoUons far cutting an ablominal utiidon arc (1) rcspintorx distrc s 
in emphxsematoua patients who rel\ on abdominal rtspiration {-) 
abdominal distension causing flatulence and xomiting* A uaiulow ahoiill 
not be cut as a routine and unless there is some urgent indication it 
should nei er be cut before the plaster is thoroughh drj 

For the first few hours the patient lies aith pillows beneath the 
concaMtx of the arched spine He max then be turned on to the 

The «r^"eal^ n of a 1*3111 u1iM> -* • 
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face with pillows beneath the thighs and the upper chest Thereafter 
the position, is changed every few hours in order to avoid pulmouarj 
congestion The next day the patient maj sit up and wnthin a few daj a 
walking IS resumed 

Radiographic control oi reduction — ^Perfect recover} is possible onl} if 
perfect reduction is insisted upon Even slight degrees of wedging of the 
vertebrie may cause persistent aching pain Post reduction lateral radio 
graphs are essential and there must be no hesitation m applying a new 
plaster if the reduction is not absolutely complete The mtenor vertical 
depths of all the vertebrse should be no less than the posterior depths 
Moreover the intervertebral disc spaces should be fully opened If this 
lias not been accomphslied the anterior common ligament is not taut and 
redisplaceraent will arise The standard of reduction which is often accepted 



IS far too low and it is fox this reason that persistent backache and incapacitv 
from lieavy work is still so common after simple spinal fractures There 
IS no justification for failure to secure perfect reposition of simple wedge 
frictures (Figs 496) 

After-treatment — Ezerases throughout the period of tmmobthsalion — 
In uncomplicated eases exercises for the spinal and abdominal muscles 
are prictised regularly for not less than five minutes every hour of evcrj dnv 
While hang on the face with the arms bj the side, the head and ‘‘houlders 
are slowl} raised from the btd and lowered again (Figs 501 ’502) Each 
hip IS slowl} h}’pere\tended wath the knee straight and as the patient 
becomes more expert both hips are simultaneous! v h} perextended These 
exercises are far more efiective in maintaining the tone of spinal ihuslIcs 



312 INJURIES OP THE TPvUNIv AND HEAD 

than anj direct faradic stimulation and massage e^en if siiclj treatment uas 
possible The strength of the spmal musculature at the end of four mouths 
imraobihsation in plaster should be verj much greater than it uas before 
the fracture , the tone should be quite perfect the muscle bellies should 
stand out hke bars of iron 

Not onh does r^iilar exercise maintain the tone of the spinal musculature 
and make it quite unnecessarj to near a spinal suiipoit in the later stages 
but it prevents stiffening of the immobilised joints of the spine and it restores 
the confidence of the patient in his functional recoverj Mithmafeu da\s 
of injur\ ualkmg is resumed The patient should dress normalh go into 



Fta 4‘1'> Fio 4aC 

Uedge fracture of vertebral body (F g -ID*) T clve months afUr jxist rat rcducli n 
and lOastcr immobdisat on (Fig 406) 


the streets into the parks and piuuue nonual actisitics TJio sooner a 
man is dispo'isessed of tlie idea that his back is broken and that 
he will never walk again ’ the more certaml\ will functional disturbances 
be avoided 

Chtek A ray and neu planter — ^After four ueek'. a further radiogmpiiit 
examination is made If the films show that there is n tendency to 
reconipression of the vertebral bodj or if the jacket is obiioush Ijccommg 
loose a new plaster must be applied in maximum h^perextension 

Duration of vnmobihsalion — In mnn\ cases of fracture of the spine 
the plaster jacket is remo%ed too soon Crush fractures arc slow in con 
solidatmg, and flexion moaement must not bo allowed earlier than four 
months after injurj Sexerelj comminuted fractures unite even more 
slowlj, and in these cases it ma^ lie netessan to retain tlie jacket for 
Six months 
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Fractufc il •‘location of vertebra* with conimmutel fracture of lower \ertcbr»l boO^ 
and paraplcgui due to cauda o<]uiQa injnrt (Fjg 4*0) Pci«t reduction \ rtiv shows 
complete reduction of dulocatwii and almost complete replacement of niarj:ma1 
frapment (Fig 00) The paraplegia recovered full} <11 I«ae Comminute 1 Frart re 
o( Spine with i»tai4 gis B I Veil Jar 103 1 83 ) 
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Fig 497 

Fiq 493 

Comminuted fracture of vertebral bodj (Fig 49*) Post redsction \ ny sbons ifom 
plcto replacement of ranrginal fragments and full open ngof jnlerrertchnil d so spaces. 
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Convalescent trace— It is inadvisable to nse a posterior spinal support 
at any stage of treatraent In the earij months it gives the surgeon a false 
sense of security However skilfuUj made and however lieroicallv worn 
there is no type of posterior support which will prevent collapse of an 
unsoxmdlv consolidated vertebra In later months it gives the patient a 
false sense of secuntj 'Months or even jears maj elapse before he can be 
peremded to discard a spZmt nhich has done notfung except prevent the 
stretching of adhesions ' Either the fracture is not firroJi consolidatwl 



ncs ooi oO’ 

Fxerciscs for tbe ‘piiul and abdominal musclca are prscti ed rr^brlj throughout 
the prnod of immob I "sat on 


and 1 postenor splint is undequnte or the fracture is coii«oliclite<l and a 
splint is unnecessary But it is understating the ca'se to sai that a pos 
tenor spinal support is unnecessary it is actualli harmful The httuig 
of a steel and leather splint suggests to the patient that the surgeon is not 
confident of the result and tint he is still afrud The fear uliich is in the 
patient’s mind is inagmfied He is more than m cr connneed of the dangerous 
nature of his injurt Tlie splint constanth reminds him of his hack and 
psx chological disturbances >en often increase It is \er\ much Ix'ttcr to 
continue the immobihsahon in plaster until the surgeon is entireh satisfinl, 
•'O that he can assure the patient that his back h perfecth safe and that 
pam and discomfort are due onh to odhesion formation mIucIi Mill disappear 
if exercises are contimicd 

•TocV»r Tre»tiu»nt of Inictor*! VitfitaJliJ Slonlh I91I lil» IM 
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Mobilisation exercises — ^As soon "is radiographs shoa firm miion t]te 
plaster is discarded If exercises have been pmctised regularh and functional 
activity has been maintained it wiU be found that the immediate range of 
moaement is surprisingly free As soon as the plaster is removed the 
patient can reach with his outstretched hands to belon the level of tlie 
knees and with suitable exercises a normal range of mo\ ement is regained 
witlun two or three eeks It is quite untrue to suggest that imraobihsation 
in In’perextension causes permanent stiffness Even in middle aged and 



Flc o03 

Eterctses are continued in tlio gymna uta This patient «ho is cluabng nail bars s 
approach ng t) e end of h 3 four monlbs imninb I »at on as sho vn by the looseness of the 
plaster jacket 


elderly patients the spinal joints are rapidlj mobilised (Fig o 07 ) 'Manjpula 
tion for adhesions is ver;^ seldom required 

Strengthening exercises — Treatment is not concluded vhen the fracture 
is united nor when full movement is restored but onl^ when normal power 
has been regained with the ability to sustain vigorous exercise and strenuous 
work without discomfort or fatigue Weakness has been minimised bv activ e 
extension exercises practised regiilarlj throughout the period of immobihsa 
tion but lieax 3 manual workers such as miners w ho often sustain fractures 
of the spine need still more power Exercise must be continued in the 
gjmnasium with the aid of medicine balls wall bars and pullers and weights 
(Figs 0O3 oOG) Swamming football bowls and other recreations arc 
encouraged Witiiin about two months of discarding the plaster recoverv 
should be quite complete 

Treatment oi old compression iraetnres — Ihe ideal time for the reduction 
of a fracture of tlie spine is the first two or three davs after injun Perfect 
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reduction is stiU poss ble during the next tuo or even tlu-ee ueeks but after 
that tune compression fractures are reduced \Mth difficult If the fnoturc 
IS from two to ten ueeks old when ifc is first seen nnmpulatiie reduction 
should be attempted under aosesthesta If general an-esthesn is used the 
Davis technique may be found more convenient than the ^^atson Jones 
^ technique and the hj'pcr 

^ extended position should he 

minutes before plaster is 
\\ applied It IS seldom 

\\ jy necessari to use direct 

F "W pressure oier the kiplios 

Even if wedging is ini 
perfectlj corrected the 
\j \ j jacket should be retained 

\ \ until four months from 

\ j m orflcr 

> I *\J to prevent further V edging 
of bone to enable bga 

N ^ pression of the 

*'» - V ^ treatment should lie 

concentrated on intcn«ue 

muscles Ilie uorst treat 

n support uhich wiH not re 

Pig 504 ducc the fracture will not 

Th ^ patient ne\er stops to thiok that h s back a broken preient tllC boilC frOni 

He s playing deck tennis and 18 too full of the joys of bfe to 'wedging and Mill do no 

■l=Telcpfn»l.on.lcomplo.lK,n. ,„cre WC tllO 

patients fear and preiont 

him from regaining the muscle control on mIucIi lus future depends 

Results o! treatment of compression fractures — ^\Micn the reduction of 
spinal fractures by hjqierextension was first introduced in fOJO there 
some controversy as to the merits of the technique * It m as said that jicrfcct 
reduction was not possible tint if it was possible it could not be sustained 
«and tint if it could be sustained the result was no lictter than if it iind nc\cr 
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been achieved I dealt ^vith these criticism^ in a reMew of end results 
published in 1938 ^ iihich maj be siunmansed as folloivg — 

Anatomtcal results — It is ahvays possible to correct wedging and com 
pression in recent lumbar fractures It is easy to secure a reduction so 
accurate that the level of injury cannot be locab^ed even witli tlie aid of 
radiographs With careful after treatment reduction can be maintained 
In no more tlian a small percentage of cases is there measurable compres 


Sion of the bone m the final 
radiographs still less is there 
kyphotic deformity which is e\i 
dent chmcallj 

Spur formation — The formation 
of bone spurs at the anterior mar 
gins of vertebral bodies is well 
marked only in unreduced frac 
tures large spurs represent un 
reduced fragments of the fractured 
vertebra they arc commonly 
present in untreated cases but 
seldom in accurately reduced frac 
tures Blight spur formation may 
follow the best treatment it is 
duo to subperiosteal ossification at 
the attachment of tlie anterior 
common bgament it does not 
indicate arthritic change it is not 
a source of pam and it is of no 
clinical importance 

Narroutng of mteriertebral 
— Narrowing of the discs after 
simple compression fracture is 
rare It is more frequent in 
comminuted fractures because 
the disc IS often ruptured 
Slight narrowing of the disc is 
imimportant but it may account 



Fio 50a 

Besstanrc pallpy and wegljt exercises for sp na) 
ijijiinca after removal of the plaster as developed 
bvNicol (B t Mt>l Jtur 19U 1 501) 


for a trace of kyphosis even when there is neghgible deformity of 
the bone 


Funchonal results — ^There is no difficulty m regaining normal movement 
of the spine even after immobilisation for many months In two tlnrds of 
cases there is complete freedom from pain and patients report that their 
backs are as good as before the accident , one tlnrd complain of occasional 
discomfort or pam Tins freedom from samptoms compares aery fa\ourably 
with the results of uncorrected wedging wjiere pain is almost monotonous 
in its regularity a ears after injury long after the conclusion of medico legal 
dispute many patients complain of aching pain w Inch is presumably due to 
mal alignment of the interarticular joints 

CajMcitfj for uorl — Of the patients under review including both simple 
compression fractures and commmuted fractures 80 per cent resumed their 


’WftUou Jones lost ral reduction nfFraetaTMoTtbe SpUu Jour DoneandJo iit Sun 193^ xx oC7 
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pre accident employment one lialf ^ere men engaged m hea%y manual 
labour The average incapacity penod uas ten months in heaaj workers 
and seven months m patients engaged in lighter emploj-ment 

Later review of results in 1943 — Later investigation shou s the importance 
of distinguishing simple compression fractures and comminuted fractures 
In the 1938 review where these injuries were grouped together it was found 
that two thirds of the patients were completely free from pun and about the 
same proportion resumed heavy manual labour But such a conclusion was 



rio 50G 

Sis pat ents with fractures of the sp db ass st ng each other to re levelop the ep nftl 
musculafure Such group ng encourages a sp nt of compef t on and nrafry It ii 
the lono pat ent left to himself who becomes introspective (A rtnrr ratxenii unkf 
I telment bv Sq> ad ea Laadir n Canto ) 

misleading because the prognosis is very different m the two groups lien 
simple wedge compression fractures are treated bj reduction of tlie defoimit) 
protection in plaster and earlj active evercise perfect recoierv should 
secured in many more than two thirds of the cases u herons ninn^ less than 
this make a complete recovery when comminuted fractures are sinuIarJi 
treated All the success claimed for the postural reduction of spinal frictiircs 
has been confirmed in the case of wedge compression fractures Pecoien is 
complete movement is normal there is freedom from pain and if c\cr(i«e 
and rehabilitation have been sufiicientU active the man siiould come out 
of plaster at the end of four montlis with liettcr muscles and licttir j>oi c 
than he had on the daj of injurv On the other Innd in the ci^o of com 
minuted fractures the result of conservative treatment lias l>con Ickv 
satisfactoiy The treatment of these fractums should 1 c revised 
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TREATMENT OF DORSO-LUMBAR FRACTURES— COMMINUTED TYPE 
A comramuted fracture of the dorao lumbar spine is a very different 
injurj from a nedge compression fracture the meclianjsra of injury is 
different the gravity of injury is different the prognosis is different 
and it IS no^ clear that treatment is different Whereas simple vedge 
fractures are due to vertical compression dispersed over several segments 
comminuted fractures are due to a sharply localised angulating force >,ot 
only IS the bone grossly comminuted b> impact of the anterior angles of 



Fio 507 


Bango of moveraeDt u a iqm aged five after & crush fracture of the spine 
unmobihsed m 1 jpeceatensioa for fire months £rrn m the elderly pati nt, 
immobihsatwn in hyperextension docs not cause permanent stiBncss 

\ertebral bodies abote and below but the intertening intervertebral discs 
are ruptured The verj fact that tlie angle of an adjacent body has ploughed 
into the middle of the fractured bodj shows tliat at the moment of injury 
there uas such a degree of hyperflexion defonmty that mterarticular joints 
must have been dislocated or pedicles fractured The force may be so great 
that fragments of the body are displaced backwards into the neural canal 
It is obiioiis that an injury 'nhicli causes local disruption comminution of 
bone rupture of discs fractures of pedicles tearing of ligaments dislocation 
of mtcrarticular joints encroachment on foramina pressure on ner\ e roots, 
and sometimes iiivohemeiit of the spun! canal is likely to cause jiersistent 
aching and discomfort even when displacement is reduced There js no 
doubt that displacement can be reduced by the same postural technique 
which is successful m wedge compression fractures Iho anterior common 
ligament IS usually intact and when it is put on stretch by lijperextension 
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of the spine displaced fragments ate tephced \nth surpn^sing nccnnci 
■Moreover the position can be inamtamed by a closelj fitting plaster jacket 
and so long as the plaster is ttoiti there is no recurrence of pun Rut tlje 
fracture is verj slow in consolidating and iinmobjhsatjon must be coiUimicd 
for at least six months Even then it maj be found that v hen the plaster 
IS removed root pain recurs and the cast must be re applied ‘'ometimes 
it has been neeessarj to re appH the jacket several tunes and to continue 
protection for as long as nine to twelve months The problem ma\ still 
not be solved because rupture of intervertebral discs uith arthritic change 
in intervertebral and interaiticnlar joints often ran e» persistent aching pam 
which IS not relieved until bonj ankalosis fiiialh takes place betw een adjacent 
vertebral bodies Unfortimatelj the development of spontaneous ankalosia 
IS slow and persistent pain discomfort and weakne'ss which persist o\cr a 
penod of several jears maj produce so deep a psj chological impression that 
patients can never satisfy themselves that recoverj is complete 
Indication for spinal fusion — ^TJie conclusion must 
whereas functional recoverj after a simple we^a^fraCTure it. acllle^cd 
wntlim a few months bj restoration of normal anatomical relations functional 
recovery after a severely comminuted fracture nnWo achieacd onlj after 
one or two years by anl ylosis of vertebral bodies j;*if<ommmution is severo 
and it IS evident tliat bony ankjlosis/is Ihe optimiim end result the rooner 
the ankylosis is secured the better The ideal treatment is to ankalo«ie the 
lamm» and spinous processes bj a spinal fusion operation performed ns loon 
as the patient s general condition will permit 

Pre-operative localisation oi fractured vertebra — Iso surgeon should embark 
on a spinal fusion operation without first localising the spinous proce s of 
tlie imiired vertebra Onh three vertebr-e must be fused — the fractured 
verte'&a the one above and the one below ».Isot onh is it unnecessary and 
inadvisable to stiffen the spine by fusing more than three vertebra* but 
extensive fusions often fad and long grafts ftre*often fractured or ab'orbed 
exactly at the level where ankylosis is most important It is almost 
impossible to count the-^pinous processes accurately from the lord of the 
ihac crest and it iSjiJerfainJy impossible to count tliein from the position of 
the twelfth fib 'or the angle of*thc "scapula I have seen many examples of 
spinal fu^on even f^tnberculoUs disease where the affected vertebra lias 
JimnjmsRfid aUajeti^'l If tllis is jw^sible in spinal disease where tlicre is 
usually a w ell marked kyphos boh nmcJi morals it hkch to occur in spwil 
fracture where there should be no npformity Two devices are available 
(1) a few days before operation a small screw is driven infcm spinous process 
near the level of injury 4lirough a tenotomy stab wound‘d lateral radio 
graphs are taken the position of the screw is identified nt operation and from 
tius known level the spinous proce-^sof the injured v ertebra is Jocahwd (2)im 

mediately beforeoperationasteriJ^nMTtureofhpiodolnndJampbJackisinjcctcd 

alongside one spinous process near the level of injury the lipiodol shows the 
lev elm radiographs andtlielampblackiseasily seen at operation tlicspinoiK 
process of the injured vertelira is coimteil up from this knowoi position 

Technique of operation — Through a niidhuc incision the spinous procgf'cs 
and Janiin-e are exposed h\ subperiosteal stripping Haniorrhngc is 
controlled by (1) keeping stnctly to the subpcrlpsttnl jfl'fiie and never 
dissecting into muscle masses (2) picking the vThole wound with small 
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gauze strips only one of winch xs removed at a tune , as soon as dissection 
IS completed in that area the pack is replaced before the next is removed 
With these precautions the operation is almost bloodless, uhercas without 
tliem hjeraorrliage may be so pnifiise that the surgeon works blmdlj and 
may cause serious damage When the three vertebra; are exposed, the 
spinous processes and lamince are cleaned mth a sharp periosteum elevator 
Fragments of bone are then turned up with a narrow gouge from the side 
of the spinous processes and the cortex of the lamina? left attached at their 
bases and interlocked across the back of the hgamenta flav a, thus forming 
a continuous mass of living bone chips It is not essential to expose the 
interarticular joints and remove the cartilage as in the Hibbs’ techmque, 
but the fusion should be supplemented by one or preferablv two, grafts 
cut from the crest of the ihum (or from the tibia) and laid alongside tiie 
rawed spinous processes The grafts need not be fixed bj sutures or screws , 
when the muscle masses are stitched back mto position they lock firmly 
into tlie bed of raw bone and sound fusion can be relied upon 

Post-operative treatment — A plaster jacket maj be applied immediatclj, 
but as a rule it is safe to defer the application of plaster for a few dnj-B 
The spine should be in the extended but not fullj hj'perextended position 
Phstei immobihsatiou is continued for a period of four to six months, 
reciimbencj being advisable for the first two months Spinal muscle 
exercises should not be practised with usual vigour until the operative fusion 
18 almost sound During tho last few weeks of immobilisation in plaster 
the mtensitj of exercise is rapidlj increased and after the fifth or sixth 
month full rehabilitation is instituted with energetic exercise games and 
gymnastics inspiring treatment and every measure which will restore the 
patient’s confidence No posterior spinal support should be worn , it is 
useless and it is harmful it interferes with the necessarj exercise disturbs 
the patient’s confidence and undermines Jus morale The best epaial brace 
tn the aorld is ihe mvscvlature of the paUenCs oita spine , the muscles should 
be so potierfiilltj ihieloped that H uovld be an obitous wsuU to add Ihe support 
of a spinal brace 

TBEATMENT OF HIGH DORSAL FRACTURES 
The dorsal spine forms the arm of a lever which has its fulcrum at tlio 
dorso lumbar junction The strain of forcible flexion movement is therefore 
transmitted to the level of the last dorsal and first two or tliree lumbar 
vertebrie, and fractures neiirly always occur at this level But although m 
civilian life high dorsal fracture is rare, in time of war it is often sustained 
bj inlots of fighter aircraft Tlie incidence of high dorsal fracture m tho 
Roy al Air Force is almost as great as tlie xneidence of lumbar fracture Tlio 
reason for this unusual localisation lies in the special harness worn by pilots 
to permit aerobatics, and in the event of crash landing to prevent an 
uncontrolled forw ard flmg of the trank with violent impact of the head against 
the instrument panel of the aircraft If the pilot is wearing a simple waist 
belt and makes a crash landing the trunk swings forwards with momentum, 
and there is violent flexion at the usual level of the dorso lumbar junction , 
but if he 18 wearing the special harness which parses m front of both shoulders 
and holds the trunk back to the seat, only the pilot's head flings forwards 
and the site of anguhtion is raised from the himbo dorsal junction to the 
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frarf.'i ^ 1 "edge compression 

Jracture with no comminution or dislocation 

Fractures at this level are rerj difficult and often impossible to reduce 
The success of postural reduction of fractures at the dou>o lumbar junction 
lies in the tremendous leverage of the segments of spine abo\e and below 
thefracturewhiehhes exactl^y at the fulcrum But 
a high dorsal fracture lies m the middle of one of the 
arms of leverage and not at the junction of the two 
No method of hyperevtension has been found com 
pletely successfulm reducing the compression But 
— . theverj factorwhichmakesrediictiondifiicultniahcs 
^ \ ummportant Since the injurj is in a rel iti\ clj 

f \ I immobilesegmentofthespme uncorrectecl w edging 

or compression seldom causes persistent pun 

A plaster jacket is applied with the spine in 
hyperextension, either by the tw o table or the foot 
suspension method or perhaps more con% enicntlj 
bj the motor jack techmque (Fig 4S6) Awingof 
plaster is then added on each side, follow mg the Imc 
of the clavicles to the front of tlie shoulder joints 
wlucharefullybracedhack(Fig 508) Despitethe 
high level of fracture it is then unnecessarj to in 
dude the head and neck m the plaster en iiioro 
than usual emphasis is placed on the importance 
of muscle exercise , the erector spims must bo so 
developed and become so powerful, that it fulliU 
the function of a surgical brace The plaster is 
di«carded in about two months and function'll 



Fig 508 

Plaster jacket for tugh dorsst 
fracture Erea more thau 
usual reliance is placed on 
muscle exercise 


recoverj is complete within three or four months 


WAR FRACTURES OF THE SPINE 

A surgeon will be called upon to treat at least twentj simple fractures of 
the spine for every fracture with paraplegia This is true not onl^ of the 
injuries of peace but also of the casualties of war * Penetrating wounds duo 
to bullets, shell fragments and bomb casing arc rare , fractures duo to com- 
pression and hjrperfieMon arc common There is often little jiroportiou 
between the degree of hazard and tlie seventj of fracture For example, 
two airmen sustamed compression fractures of tlie spine on the same da^ , 
one had fallen off a building in the black-out and crashed GO ft , the other 
had been crossing the landing ground and sat down heaxil} m the mud , tho 
second was more seierclj injured than the first Ne%ertheJcss mcacli military 
service there are special risks with which fracture of tlie spine is associated 
Spinal fractures m air crews — IVactures due to crash Jandings are dis 
cussed on p J21 If the airman is a fighter pilot wearing protective harness, 
there is likeJj to be a compression fracture of one or more \crtebra m the 
upper dorsal spine If he is wearing a waist belt, or is a member of a bomUr 
crew wearing neither belt nor harness, he will probablj sustain a fntlure 
or fracturc-dislocation in the lumbar region Air crew cnsuaUics arc 
characterised bj the multiphcitj of their injuries Tho liarartls of flak 

•R Watson-Jones War Injuries of thft Spine r/or /i«jf WU x**lv 111 
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over the target may be followed bj machine gun bullet or cannon shell 
•wounds on the return flight and finallj by multiple injuries sustained in the 
crash landing ofa damaged aircraft \ery often therefore fracture of the spine 
IS accompanied bj head injury disruption of the pelvis penetrating joint 
■wounds compound fractures and bums all m the same patient The spinal 
fracture may be the least important mjury and reduction must sometimes be 
deferred for several daj s or even for one or two u eeks Meanw hile the patient 
lies on a bed avith fracture boards and with pilloavs under the lumbar spine 
Spinal fractures m paratroops — Altliough the rate of a parachute descent 
and the force of impact on landing depends on air currents it is at least the 
equivalent of a 10 ft jump and if a man lands heavily on his feet he maj 
sustain fractures of one or both os calces and the spine But it is imusual 
to make a strictly vertical descent As a rule there is oscillation and the man 
strikes the ground wath his buttocks either on a forward or on a backward 
swing in either event vertical compression or flexion of the spine maj cause 
a lumbar -wedge fracture The deformitj is often minimal and paratroops 
are tough so that the diagnosis is sometimes missed for seaeral weeks 
Occasionally during a forward roll after landing the neck is acutely flexed 
and a fracture or fracture dislocation of the cervical or upper dorsal spine 
is sustained When a pilot bales out during combat the risk of mjiir;^ maj 
be greater One airman for example m baling out at 20 000 ft struck the 
tad of hi8> aircraft and was rendered unconscious he regained consciousness 
before landmg to find that both shoulder joints were dislocated and the 
parachute harness was twisted round one knee from which lie was suspended 
the medial ligament of the knee joint had been ruptured finallj because 
his landmg was heavj he sustained a comminuted fracture of one os calcis 
and a compression fracture of the spine Despite all these injuries he was 
flj mg once more w ithm seven months 

Spinal fracture in tank warfare — ^Wedge fractures of the liimbo dorsal 
spine have occurred m tank crews due to the coroprossiou force of heavj 
jolting of the tank o\er uneven ground being transmitted through the 
flexed spine of a soldier sitting crouched m a confined space 

Spinal fracture m naval warfare — ^When a torpedoed ship is sinking a 
sailor maj jump from the uppermost side of the deck but if he is to clear 
the bilge keel aihich now appears above the sea level the jump must be 
much wider than would appear necessarj and in many cases men liaae 
landed not m the sea but on the bilge keel or ship s side thus sustaimng 
fractures of the os calcis and spine More frequently the sailor sustains this 
dual injury without even leaaang the deck the fractures are due to the 
explosion of a mine below the vessel Instead of the a ictim crashing from a 
height and striking the deck the deck comes up and strikes the victim 
In other cases the sailor is Ijmg on his back and the explosion beneath the 
ship flattens Ins lumbar lordosis wath such violence that one or more vertebra) 
in the middle of the cun e are cnishcd 

Spinal fracture m air raid casualties — ^Incture of the spine is a relativelj 
imusual injurj m civilian air raid casualties A few patients are buried m 
debris and sustain forcible flexion of the spine wath a comminuted fracture 
of the lumbar region A certain number of dislocations and fractures of the 
cerv ical spine have occurred in dcmolislicd air raid shelters v\ here the concrete 
roof of the shelter has fallen on the Iicadb and shoulders of tliosc viathm 
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VERTEBRAL FRACTURES WHICH MUST NOT BE 
HYPEREXTENDED 


The usual types of lumbar 'lud dorsal fracture yluch ue have discusse<l lu 
the last chapter are produced b\ flexion and reduced bj lu’perextens on 
they may be described as the safe fractures The% include about OO per 
cent of vertebral body injunes It is fllinost impos ible to do Jnrm snd to 
achieve perfect reduction it is necessary onh to reacli the limit of ln|er 
extension 

There is another group of relativel\ rare mjunes u Inch are the dangerous 
fractures It is important to recognise them for hx-perextension treatment 
may aggravate or even produce nerve compression and paraplegia Four 
injuries are to be classified m this group 


1 Fracture dislocation \ntliloclung of the 
articular proce»'^s 

** Commmuted fracture vith neural cana! 
involvement (fracture of posterior 
Trail of vertebral bodv) 

3 Hjperevtension fracture of tl e verte 
bral bodv or neural arch 

4 Traumatic spoiul3loli3tl osi3 
Fracture dislocation with locking of tl e ar 
ticular processes is the most common of tl is 
group of injuries Tlie other three tJTies are 
of considerable ranty 

FRACTURE-DISLOCAnON WITH LOCKISO 
OP ARTICULAB PHOCESSES 
Dislocation of an mterv erfel ml jomt must 
be accompanied bv a neural arch jnjni> which 
IS either a fracture of the articular j roces-scs 
or a dislocation of tl o intcrarticular joints 
If the articular processes are fractured there 
isprobablv no obstacle to reduction bv simile 
Iiyperextension The same technique wlich 
has been described for wedge and comminuted fractures mav be cautioiish 
cniplojed and vnll usually be successful m reducing the dislocation 

If the intcrarticular joints are dislociteii the situation is more dangerous 
\o attempt must be made to extend or hvperextcnd the spine until the 
relation of the articular processes ha% been determined If tl o didocation 



Locking of Art cular processes n liun 
bar fracture dislocat on with lateral 
or rotatoo d* placement of tho uj^r 
vertebra 
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of the upper segment is directly forwards and tliere is no lateral displacement 
or rotation the descending articular processes of the upper vertebra be 
exactly m front of the space between the ascending articular processes of the 
lower vertebra The displaced processes will probabh slide hack into position 
as the spine is extended On the other band if there is a lateral displacement 
of the upper segment or if the upper segment is rotated the positions of 
the articular processes no longer coincide The descending process of the 
upper \ertebra is actually locked m firont of the ascending process of the 
lower \ertebra on that side (Fig o09) If the spine is iiyperextended 
tlie upper articular process cannot slide back even if traction is apphed at 
the same time The spine hinges backwards pivoting on the articular pro 
cess The vertebral bodies separate from each other the intervertebral space 
IS abnormally widened and the apmal cord or cauda equina is stretched and 



Lumbar fractu e d alocat on locking of ftrtic lar proecs-cs {Fg 610) If the spmo 
i « mply hyperesttnde I tho upper process cannot sLde back the vertebrie are forced 
apart and the cord injury may bo increased by stretching (Fe oil) It may be 
necessary to excise the lo er art cnlar process (Fig ol2) (12yccurl<«j/<if Jw Brneund 
Jo at Su a ) 


attenuated (Figs alQ ull) Paraplegia may bd aggravated or even produced 
by the treatment 

Reduction by open operation — These dislocations must be reduced bj 
open operation and no attempt must be made to lijperextend the spme 
until the locked articular processes are exposed Tw o operativ e procedures 
are available The ascending articular process of the lower vertebra on the 
gido towards which the spinous process of the upper v ertebra is displaced or 
rotated may be excised at its base ^ * The obstacle to backw ard slidmg of the 
upper segment is then removed and as the spine la graduallj hvperextended 
tl e dislocation is reduced safelj Rogers * has described successful operative 
reduction without excision of the articular process The case was one of 
dislocation at the first lumbar level with mcomplete paraplegia Attempted 
manipulative reduction bj traction and hyperextension failed to unlock the 
articular processes and caused immediate increase in the paralysis which 
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Badio^pb of lumbar fracture djalocatioomtblorkjogof artjcularproresae* Before 
the spine u hypereitended the processes must be disengaged open operation 



Fio 514 

Fracture dislocation of lumbar eptoe aith lateral angulation ami inter 
locJ»cd articular proerrwos on tbe ngbt After facetectomy on llii* ‘'do 
the dislocation aas reduced VtprfatanbgVIfjComm’xi-tfrl t Vwt} 
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became total The same day under local anaesthesia tlie articular processes 
were exposed Cautious flexion of the spine bj lowering each end of the 
operating table freed the processes which were then rott.ted into alignment 
with a periosteum eleiator Hjperextension completed the reduction 
There was full recovery from the paraplegia and a perfect functional result 

HYPEREXTENSION FRACTURES OF THE LUMBO DORSAL SPINE 
Fractures of the spine produced by hyperevtension are extremely rare 
If tliey are treated by the usual method which is applicable to flexion 
fractures the displacement will be increased 



r 0 ij j c uie 


CoKiminuted fracture due to hyper Hypeiextcns on fracture of both 

esteng on The anterior marginal pc^ctee of the first lumbar vertebra 

fragments are arulsed by the atitenor suatained spontaneously by an aero 

common ] gament bat « dancer wh le on the stage 

Comminuted fracture ^ — ^The attachment of tlie fibro cartdage and of the 
anterior ligament remams undamaged but the strain transmitted through 
these structures breaks up the bone The anterior half of the body separates 
into two quadrants an upper which is tilted and displaced upwards and a 
lower which is tilted downwards The posterior half of the bod^ remams 
intact In the case shorni in Fig >15 a plaster jacket as appl cd w ith the 
patient sitting on a stool and recovery was une^entful 

Fracture of pedicles — An acrobatic dancer tool up her profession at such 
a late age that it w as alwaa a necessary for I er to spend from ten to fifteen 
mmutes loosemng and limbering before going on to the stage One 
night slio was called on hurriedly In tl e course of the dance she slow ly 
li-vperextended the spine until her I ead was between her knees There was 
an ominous crack and an agoms ng pain She had fractured both pedicles of 
the first lumbar a ertebra (Fig oJ6) Despite raani montl s of iniinobiirsation 

Wstaoa Jo ct Jva laiuaniJotUSng 1931 Xvl SO 
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the fractures faded to unite by bone A firm fibrous union developed 
She now pursues all normal recreations without paui or discomfort but she 
has not resumed professional dancing 

Fractures of the pedicles and articular processes must be differentiated 
from the congenital fissures which may be seen in the neural arches of the 
vertebral especially m the lumbar region * * 

COMMINUTED FEACTURE WITH NEURAL CANAL INVOLVEMENT 

Comminuted fractures are due to acute hyTierflevion with such sharp 
angulation that one vertebral body is impacted into the middle of the verte- 
bral bodi below As the intact vertebra 
ploughs into the fractured bodv it dia 
places anterior marginal fragments for 
wards In very rare cases when the 
flexion IS still more forcible it ma> drive 
posterior fragments backwards (Pig 518) 

The posterior wall oi the centrum is frac 
tured and the upper posterior quadrant 
IS displaced backwards into tlie neural 
canal The lumen of the canal is sen 
ously narrow ed and the margin of safety 
IS reduced Hyperextension of the spine 
may increase the cord pressure and cause 
paraplegia At the same time it must be 
recognised that flexion of the spine which 
reproducesthe original displacement isstill 
more capable of produemg paraplegia by 
forcing the displaced fragment stdl further 
back Rogers * b&s described a case of 
such a fracture which had been over 
looked and left untreated m whicli 
paraplegia supervened two jears after 
mjur, hom the pieeeure of mc^aemg 

deformity with excessive callus forma placement of poslenor marginal fragment 
tjon withm the spinal canal 

A plaster jacket must be applied at once, but not b\ the usual hj per- 
extension techmque The patient is sat upright, head traction is applied, 
and the spine is fixed m the extended but not m the l^Twrextended position 
(Fig 517) The jacket must be worn for not less than four months 



SPONDYLOLISTHESIS 

Clinical features — Forward slippu^ of the fifth liunbar vertebra at the 
lumbo sacral joint is usually associated with the congenital abnormality 
know n as spondj loh sis, m which there is a failure of bone fusion betw-cen the 
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vertebral body and the neural arch * " The developmental defect js 
seen less commonly m the fourth lumbar \ertebra and the fourth vertebral 
body shps forwards on the fifth When there is no bonj contmuit} between 
the bodj and the posterior arch, stabihty depends entirelj on the ligamentous 
structures There is impairment of the normal resistance to static and 
dynamic stresses, and injuries or even strains of a minor character maj then 
cause forward dislocation Fnberg who has had the unusual opportunity 
of mvestigating more than one hundred cases of complete spondylolisthesis, 
has shown that the displacement usually occurs at the age of eleven or twelve 



Fic «19 

Method of reduction of spondylolisthesis appl cable in adolescents tvheresl ppmg « tccrnt 


Slipping may continue for a leu jeara before the dislocated jwsition is finally 
stabihsed In the most severe cases tliere is gross deformitj Lordosis 
becomes so extreme that the lumbar region sinks into the pelvis and the trunk 
IS disproportionately shortened When viewed from tlie side, the tliomv and 
spme he entirelj m front of the plane of the lover limbs The capacitj of 
the pelvis is often greatly reduced and this may bo of serious significance m 
clidd bearing uoiaen There la persistent aching pain in the back an un 
willmgness to stoop and an inabihtj to lift weights In some cases parih‘*is 
develops from stretching or compression of the roots of the catida equina 
Treatment — uilanv operations have been perfonned to stabilise tlio 
vertebra m its dislocated position b'v posterior bone grafts*^ Reduction 
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of the displacement has seldom been attempted With one exception * the 
attempts which have been made have failed There are iv, o reasons for this 
failure Reduction is possible only mthin a few months, or at the latest 
within a 5 ear or two of the time of actual dislocation of the aertebra 
Successful reduction is probably impossible m patients over the age of fifteen 
Furthermore reduction cannot be achieved by hyperextension of the spine 
Hyperextension increases the lordosis and it increases the inclination of 
the sacrum until it is more nearly horizontal and the axis of the lumbo 
sacral ]omt vertical In this position the forward slide of the fifth vertebra 
must increase The posture which is adopted subconsciously by the patient 
is the exact opposite of this In his attempt to relieve the back strain he 



1 10 o20 Flo S'*! 

Spoadyloliattes s m a gul aged twelve (Fig 620) After man pulativo reduction and operative 
fusion of the gpme the position ia eons detably unproved The extreme lordosis is corrected, 
pelvic obstruction is rebeved and pain in the back and leg is cured (Fig 621) 

tries to reduce the lumbar lordosis He stands with the knees and hips 
flexed so that the pelvis is tilted bock , the sacrum is therefore held more 
vertically and the lumbo sacral joint is more horizontal This subconscious 
posture gives the key to manipulative reduction The lumbar lordosis 
must be flattened and the hips must be flexed 

Manipulative reduction — One case has been reported m which attempted 
manipulative reduction improved the position Jenkins ^ treated a severe 
spondylolisthesis in a boy of fifteen by the gradual traction of a sling 
under the pelvis passing to an overhead beam The hips were slightly 
flexed and traction nas applied to the loner limbs from the foot of the bed 
The method vhich I ha\o emplojcd has not been preiiously reported 
It is illustrated in Fig "ilO The patient is anaisthetised The head and 
shoulders are supported on the edge of a table The hips are flexed to the 
right angle and vertical traction is then applied so that the lover hmba 
and pelvis are pulled upvards The jiositioii obliterates the lumbar lordosis, 
the vertical traction pulls the sacrum forwards and bod> u eight pulls the 

* Jcnklca gpondiloUatltesU. Cnt Jevr Surj 1938 sxir SO 
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lumbar vertebra baclnrards If necessary a weight maj be suspended 
across the abdomen in order to mcrease this backward pull A double 
plaster spica is then applied -mth the hips still flexed to the right angle 
Fig 520 shows how almost completelj a severe degree of spondjlohsthesis 
may be corrected m a girl aged twelve 

Operative fusion— RedispHcement must be prevented bi operative fusion 
of the lumbo sacral region A few weeks after the manipulative reduction 
a window is cut in the back of the plaster to expose the sacral and lower 
lumbar regions A veia thorough fiuion of the articular processes, laramoj 
and spinous processes of the last three lumbar and the sacral vertebre is 
necessary A graft from the tibia may be implanted, but a graft alone 
must not be relied upon The complete 
Hibbs operation, includmg excision of 
the mterarticular joints, must first be 
performed 

Anterior hone hlock — Fusion of the 
fifth lumbar body to the sacrum In 
an anterior bone block introduced bj 
the abdominal route was suggested 
bj Capener * and first performed 
bi Burns " ® It was dei iscd because 
posterior fusion was behoved to he 
mechamcal]> unsound In fact, how 
e\er, if the dislocation is first reduced 
and if the bone graft is supplemented 
by a thorough bone fusion, the jios 
S'*- tenor operation is entirelj «!atisfictor\ 

Anantenorboaeblock(Fig ooijhasbuieorno and the anterior graft has no structural 
structnial adrantage over the less formidable .«> 'ri.n 

operatioo of posterior fusion (Fig 5 * 3 ) advantage over it (Figs )*3) ilio 

advantage of the anterior operation is 
tint fusion IS confined to the lumbo sacral joint, so that mobilitj of tlic 
third and fourth lumbar vertebra} js unimpaired, and shortening of the 
lumbar region is not aggravated bj arrested growth of three vertebra* On 
the other hand, anterior fusion is a formidable operation Of the elcv cn 
reported cases two died witJiin a few daj'S of operation * ® 

In older pitients nhere the hones hue become stihihsal m tjm d/spJircd 
position no attempt should be made to reduce the deformity Xlie sjnnptoiiis 
may be reheved bj a spmal support or bv operative lumbo sacral fusion 
Traumatic spondylolisthesis — In rare cases an identical displacement is 
produced acutely from a severe injury in a spme which was proviousl\ normal 
Ihe pedicles are fractured and the fifth lumbar body is dislocated forwards 
Injury of the sacral nerves mav cause saddle nn'vstliesia of the perineum 
and gluteal regions and paralysis of the rectal and bladder sphincter^ 
Reduction may be achieved by the same technique as that desenbed for 
congenital spondy lohstliesis but the possibilitv of interlocking of articular 
processes and the necessity for facetectomy must be borne m imiul (p 1-') 
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CHAPTER XVI 


FRACTURES AND DISLOCATIONS OF THE CERVICAL SPINE 

“ Broken backs and broken necks are neither so disabling nor so deadly as 
they were formerly thought to be ” — S T Irw in 

The average patient fears a broken neck even more than he fears a 
broken back and the ps5 chological disorders which may be aroused bj this 
fear must be anticipated flie fracture is no more remarkable than any 
other injury Whether there has been a nerve complication or not, the 
surgeon s manner should be the same as if the injury was a fractured wrist , 
he must be reassuring optimistic and matter of fact The patient must not 
learn of the narromiess of his escape It is the verj worst treatment to 
suggest to the victim that he was ‘ withm half an inch of lus life ” In the 
early days caution maj be necessary, but after two or three months of 
immobilisation when the surgeon’s anxiety is over, this caution must be 
abandoned The continued wearing of a collar is valueless end it serves 
onlv to remind the patient of his fears 

Four groups of cervical injury may be differentiated (1) crush fractures 
of the vertebral bodies (2) sprains and subluxations of the mterarticular 
joints , (3) dislocations of the mterarticular and intervertebral joints , and 
(4) fractures and dislocations of the atlas ’ * 

CRUSH FRACTURE OF CERVICAL VERTEBRA 
Simple compression and comminuted fractures of the cervical vertebral 
bodies are less common than dislocations and fracture dislocations. The 
fifth, sixth and seventh vertebite may be crushed by forcible hyperflexion 
injuries If there is no mterarticular joint dislocation, the fracture is 
treated as lumbar crush fractures are treated , the displacement is reduced 
by hyperextension and the spine is immobilised m plaster 

Treatment — A piece of strong wood 3 m wide is nailed to a wooden table 
BO that it projects 10 or 12 m from the end It is padded with wool 
(Fig 524) The patient lies face upwards with the free end of the wood 
at the level of the cemco dorsal junction The head is supported by an 
assistant m neutral rotation, and lowered until the neck is fuUj extended 
There is no necessity to raise the chin and to tilt the head back Tins 
movement occurs between the skuU and the atlas and it does not improve 
the position of the fractured vertebra The patient should be lookmg at 
the ceiling rather than at the wall behind him The arms are lield aside 
while plaster is apphed from the pelvis to the top of the head Tlie plaster 
should extend over the forehead to the level of the ejebrows, and it may 
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then be cut away beueatli the dun so tliat movements of the jan and 
]aiynx are facilitated A window is cut o\er each ear Patients become 
surprisingly tolerant of the discomforts and vritbm a few (hjs the^ niaj 
be up and about nonnally dressed Immobilisation is continued for tlirce 
months After removal of the plaster normal fimctjon is rapidl\ restored 
by active exercises A protective collar or splint is of no real value and 
moreover it may prove difficult to persuade the patient to discard it 



SPRAIN OF THE CERVICAL INTER ARTICULAR JOINTS 
A sudden twisting or jeihing roovcment of the ncch 7na> strain the 
mterarticular ligaments "without actually displacing or dislocating the 
joints There is local pain movements are guarded h} muscle Rjnem and 
oedema and luemorrliage round the adjacent nerve roots inaj cause pain 
referred to the arm forearm and hand 

Diagnosis — Strain of the mterarticular joints must be carcfuUx iIilTcr 
entiated fiom sublnxation or dislocation If there is no cbspfatciuciit tlie 
lateral radiograph shows that the joint surf ices of each pair of artiriilar 
processes are stnctlj parallel Lateral tiens must also be talai utih the s} me 
fully flexed An incomplete dislocation ina-v be reduced spontancousU hi 
extension of the neck and radiographs m this position are often imslcailuig 
(seep 158 ligs 282 283) 

Trealmenl — If tiiore js no subluxation planter ^^mlol)Ill^atlon is im 
necessary A simple felt surgical collar is uorn for a fev mcoIs An 
adequate support maj be iiiiproMscd from a nnii s stiff double colhr opened 
to its full width bound with wool and banda^til round the neck I’am 
and stiffness sometimes persist owing to sccoiidars nclliesion formation 
cspeciall_\ when tlieic was osteo arthntic change m tic joint** Tn nianj 
cases of cervical o«iteo artlintu* the jiam rererred to tho arm and along the 



FBACTURES DISLOCATIONS OP THE CERVICAL SPINE i2o 

occipital ner\es to the head is due to adhesions rather than to acti%e 
artliritis and it may be relieaed bj manipulation It is for this reason 
that osteopaths cure headache bj manipulating the neck the osteopath 
does not differentiate occipital neuralgia from the headache of intracranial 
disturbances 


SUBLUXATION OF CERVICAL INTERARTICULAR JOINTS 

Interarticular joint subluxation is more frequent and more serious than 
IS generally recognised It is a type of dislocation of the neck and the onlj 
feature distmguishmg it from complete dislocation is that the articular 
processes haie not actually ovemdden 
(Fig o2 >) In nian^ cases the displace 
raent is spontaneously reduced h\ simple 
extension movement and for this reason 
the injurv is often oi eriooked There 
mai, be hemorrhage round the cord 
paraplegia and death apparently w ith no 
bone mjurj The subluxation can only 
bo excluded by taking radiograplis m the 
flexed position E\ en if there is no danger 
of cord injury failure to immobilise the 
joints for an adequate period maj cause 
recurrent subluxation Nerve root im 
tation dnd compression then lead to 
persistent disabling neuntis m one or 
both upper limbs 

Etiology — Tlie displacement maj fol 
low a 6e\ere injury such as a fall on the 
head or a dive into shallow water In 
other instances the accident appears un 
important I have seen two cases arise 
from an imoluutarj forward jcrl of the 
liead sustained bj a passenger in a car 
w Inch stopped suddenij and unexpectedly 

EaJiographxc diagnosis — Foniard tilt 
mg of the upper articular process so that 
its joint surface is no longer parallel with the process below is sometimes 
obvious in routine lateral radiograplis The upper vertebral body lna^ show 
slight forward displacement or there is narrowing of the front of the 
intervertebral disc The displacement may be recognisable onU w hen the 
necl la \ ray ed in moderate flexion 

Treatment — Complete plaster immobilisation is esaential The neck is 
fully extended and piaster is applied by the technique shown m Fig >24 
Immobilisation must bo eontmued for not less than two months Referred 
root pam usually subsides within a few days If pam recurs after remoinl 
of the plaster a collar limiting forward flexion may be worn for a few weeks 
and then discarded for increasing x^nods each day Pam persisting after 
several months max be due to adhesion formation but recurrent subluxation 
must be excluded before the neek la manipulated 



Ccr\ cal jntcrarl cular joint subl xal on 
la th s case the- injurj is almost a complcto 
I slocat on but the art cular processes are 
not overr ding and rrduct on is tl ereforo 
possible by simplo extension as m F g 5‘’4 
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Eecnirenl subteahon oi mterarhcular joints— If the injury is overlooked, 
or if It IS treated without complete immobilisation m the early staves, the' 
ligaments do not fuUj tighten Eecnrrent subluxation arises with pereistent 
local and referred pain The displacement is shown if lateral radiotronhs 
are taken with the spine m flexion (Fig 52C) ' 
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Recurrent later&iticul&r joint subluxation Tluee ^r^rs after injurr there » 
bUU eerere root paux (Fi» 5^) ARer extension of the neck and operative 
fusion the symptoms were rebeved (Fig 62") ^ 
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Recurrent interarticulsr joint snUiuation after operaliro fusion with tihiit 
bone graft showing the range of norrment which is po»s bio (same ca» 
as Figs 1^6.0,1537) 

Treatment — Conservative treatment mat be « ortln of trial The spiiio is 
immobilised m plaster in full extension for four montlus If dispheement 
and root pain recur after removt! of the plaster, ojximtive fusion and bone 
gmftingis nccessart A graft from the tibia the crest of tlic ilium or n nb, 
IS implanted on to tlie lamime and bases of the spinous proces-cs 1 he fusion 
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must be as localised as possible in order to mimmise subsequent stiffness of 
the neck (Figs 528 529) After operation the neck and head are immobilised 
in plaster for a period of from four to six months, imtil there is firm bony 
consolidation 


DISLOCATION OP CERVICAL INTERARTICULAR AND INTERVERTEBRAL 
JOINTS 


When forward displacement of the upper segment of the spine is more 
marked the articular processes on one or both sides slip for\sards over 
the articular processes below Tlie processes are locked m this position 
and the dislocation cannot possibly be reduced by simple extension move- 
ment In many cases the lower vertebral body is crushed or an anterior 
marginal fragment is broken off and displaced forwards As a rule the spinal 
cord is contused or compressed and there is paraplegia 

Treatment — ^It is useless to attempt the reduction of a complete unilateral 
or bilateral irterarticular joint dislocation bj simple extension of the spme 
The various manipulative procedures which have been described ^ - also 
fail m many cases Strong traction is necessary It must be carefully 
controlled and slowly increased until tlie articular processes are disengaged 
The spine is then extended and the traction is reduced A plaster cuirasse 
is applied and in many cases tlie reduction is quite stable If the injury 
18 a fracture dislocation, and particularly if there is a fracture of one or both 
articular processes, there may be a danger of redisplacement despite plaster 
immobilisation* In such a case continuous traction must be cmplojed 
for some weeks before plaster is applied When there is paraplegia the patient 
may be too dl for the immediate application of plaster, and continuous 
traction should again be relied upon 

Until recent years the only aa affable method of applying continuous 
traction to the neck was by a Gbsson s sling whicli takes its purclinse from 
beneath the ohm and the occiput This method is extremely uncomfortahle 
and it may be responsible for receding of the lower jav which sometimes 
remains as a permanent disability and disfigurement Skeletal traction is 
free from these complications 

Skeletal traction by skull callipers — Skeletal traction from the skull may 
be maintained by heavy stainless steel wire, fixed through double burr holes 
by one of the vanoiis tyqies of skull callipers, or b\ the Roger Anderson 
calliper which is fixed beneath the zygoma on each eide*^ A suitable 
type of skull calhper is shown m Figs 530 531 The callipers can be intro 
diiced under local an'csthesia without moanng the patient from his bed A 
1 to 1 in incision is made on each side of the skull aboao the temporal lines 
and immediately above the auricles A small hole is cut with a trephine, 
through the outer table of the skull Penetration of the points of the calhper 
can be controlled bv a flange on a screw thread, adjusted according to the 
thickness of the bone The points are hooked under the bone margin and lie 
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between the two tables Tlie limbs of the callipers are then locked and 
attached to a cord which passes o\er a puUej at the liead of the bed to a 
weight The head of the bed is raised on blocks The puUej should be 
free to slide from side to side of the crossbar in order to facihtate nio% cment 
and nursing of the patient As a rnle traction should begin witli a u eight 
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Dislocat on of intcrart cuJar anl intervertebral joints (Fig o3 ) SkoU traction 
was appLed (Fig 533) UTien tfae overr ding of art cular processes was corncte 1 

(t g aS-nthepullcynaslowervdtoevteadthcBpiaeaBdtheHe ght nAstbenreduced 
(Fjgs 030-037) After a few 1 pels Ibe tract on ssdisco t nuedand phstcrappl ei) 

of about 1«> or 20 lbs Cheek Xra>9 are taken etert fifteen minutes 
until the articular processes are disengaged (I igs 632 u37) The crossbar 
carrjing the puller is then lowered so that the cerncal spine is, c\tended 
V hen radiographs show that the articiilar processes are in accurate 
apposition the weight ma\ be reduced to 10 lbs Traction is continued 
for three or four weeks until the general condition of the patient permits 
the application of a plaster cast If the articular proces os are fractured 
and the leduction i& unstable traction inaj be continued for si\ or eight 
weeks 
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between the two tibles Tbe Jiiaba of the callipers are then locked and 
attached to a cord which passes over a pulley at the head of the bed to a 
weight The head of the bed is raised on blocks The pullc) should be 
free to slide from side to side of the crossbar in order to facilitate movement 
and nursing of the patient As a rule traction should begin with a weight 
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Dislocatiou of mterarticular ftnd intmcrtcbral ]omts (Fig 63") SkuU traction 
was apilied (Fig 633) When the orcmdmgof articular processes uascorrecie i 
{iig ^4) the pulley iraalonered toextead tticsptneaoc] theueight «a» thenreduceU 
(Figs 53o o37) Afterafewweeksthclractioiiwasdiscontinuedandphsterappl el 

of about lo or 20 lbs Check \ra 3 s ire taken c\er 3 fifteen minutes 
until the articular processes arc disengaged (Tigs 532 537) Ihc cro«;sbar 
carrying the pulley is then lowered so that the cerMcal spine is e\tcndcd 
\Mien radiographs show that the articular processes arc in accurate 
apposition the weiglit jua-v be reduced to 10 lbs Iraction is rontimicd 
for three or four weeks until the general condition of tlio patient permits 
tho application of a plaster cast If the articular processes are fi ictured 
and the reduction is unstable traction maj bo continued for six or eight 
w eeks 
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Case oi two months’ old cervical dislocation with Brown-SSquard paralysis 
— Heduchon by skull trachon and facetectomy— A. farmer aged tlurtj five 
in attempting to stop a nmawaj horse, fell beneath tlie wheels of the cart,’ 
and at once complained of pain in the neck, numbness and tmghng of both 
arms, and loss of power m the legs He w-as earned to a hospital ^here 
radiographs showed a fracture of the sixth cervical spmous process The 
vertebra below this level were concealed by the shadow of the shoulder 



Fic <>3S 

Tiro monCbs a2<3 unredaced cervical <1 slocxtion mlcrloclccd 
aiticnlar j'ro'W’W 


A piaster collar was apphed but tingling peisisted After several weeks 
head traction was arranged bj a Gbsson’s shng below the dun Two months 
after the accident, radiographs at the Li\erpool Rojal Infirniarj showed a 
dislocation between the sixth and seventh cervical vertebras with oierrid/ng 
of the articular processes (Fig 538) Callus fomiabon beneath the anterior 
hgament was already fusing the vertebno m their displaced position I/)«-s 
of sensation m the right low er limb abdomen and low er chest and exaggera 
tion of the reflexes of the loft leg with ankle clonus and loss of power, were 
evidence of injuiy to the left side of the cowl (Brown Sequard svndrome) 
Skull callipers were applied witli 20 lbs weight extension Tlie neuro 
logical signs v\ere kept under close observation X raj examination was 
repented dail^, and the traction was slowl} increased (Figs 540 ’>47) On 
the fifth daj, when the traction amounted to 40 lbs , the articular pniccsscs 
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slipped mto position on the left side On the nght the two processes 
appeared to be firmU fused despite an obhque puil concentrated on that 
side tJiej could not be replaced Distraction of the ^ertebral bodies had 
ahead} reached the limit of safety so that on the sea enth daj facetectomj 
uas performed The hmmm uere exposed bj a posterior midhne incision 
and the upper half of the right superior articular process of the "jeventh 
vertebra uas excised Radiographs taken immediatel} after operation 
sho^ied accurate replacement (Fig o47) and the traction was then reduced 
to 12 lbs After four weeks the callipers were removed Immobilisation 




was continued for two months bj a plaster collar and jacket The sen<!ora 
loss on the right side slowlj receded and uUimateU recovered but exaggora 
tion of the reflexes persisted m the left leg 

It IS of interest to note the minor discomfort which is associated with 
heaw skull traction On the daj that the weight was increased to 40 lbs 
the patient raised liis Iiand mirror cheerfull\ inspected tlie callipers in his 
skull and observed \n\onc looking at this might think it would hurt 
but it IS just notluiig to the strap (referring to tl e Gh ^on chin sling) 
Tliat len dai lits wafe presented him with a son and I reeciicd a personal 
lionour winch I had always understood was rcseried for gniTcologists 
the son w as cl listened W atson 
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KeductiOQ of old cemcal dislocation br sfeufl traction and fiicefectomr 
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feactukes and dislocations of the atlas 

Fracture o! the atlas— The usual cause of fracture of the atlas js a fall 
on the head from a height Force is transmitted from the skull through 
the tiTO lateral masses of the atlas aluch are forced apart so that the hone 
Iractures at one of the aeak pomts represented hj the anterior or more 
commonlj the posterior arch* (Figs 548 5491 There is no coni lesion in 
at least 50 per cent of cases and the injury is bj no means neccsssnlj fatal 
Uraiml /eatoes— There is spasm of the neck muscles and the patient 
holds himself rigidly as if balancing a ireight upon his head H hen getting 
up from recumbency or mth any other change of position the patient usuillj 
supports his head uith his hands Nodding and rotation nioienients are 
limited There maj be pam and sometimes aniesthesia in the area supplied 
by the great occipital nerve Treatment — ^Tf there is paraplegia skeletal 
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Fracture of tbe atUa due to a faU oa the head The force ts traaemutot] tlirougb the 
lateral masses ^ h ch are driren apart so that the arch fractures at its uealicst point 
(Jflfr Jtg non ) 

skull traction should be used for several weeks If there i!» no complication 
the neck is immobilised m plaster uith tjie head in the mid position for three 
months 

Dislocation of the atlas — The stability of the atlas depends on the tmns 
\erse ligament •ninch lies between the lateral masses and braces the odontoid 
process to its anterior arch If the ligament is torn tlio atlas can dislocate 
forwards similarl) if the base of the odontoid process is fractured tlic atlas 
and the odontoid fragment may be displaced together DisJoeation is more 
serious than fracture dislocation because if the odontoid is intact the sjniinl 
cord 13 in danger of being crushed agamst xt (Figs 5 0 'jol) \\ lien tlicrc is 
less marked displacement and the cord escapes injurv tlie clinical picture 
resembles that of fracture of the atlas but as a rule there is aho rotator\ 
displacement of the head The bone must be replaced care being taken to 
protect the spinal cord bj pre\cnting flexion or rotation moieniont of the 
patient s head diiruig induction of onTsthesia A plaster cast is applied 
w ith tho neck fnllj extended and the bend jn neutral rotation the cast tal mg 
a purchase across the front of the forehead and aNo being luouWcd uiulcr the 
chin If in succeeding weeks it Iccomes loose enough to permit rotation 
movements a new cast is applied Immobilisation is continued for tlirci, 

JeDcrsfin FrtictUfe of Atlas S crlebra (wlU mW of motd d casus) I nl Jemr Sun 1®^ *" 
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month'? It IS then safe to begin active exercises and ivithm a fen weeks to 
encourage more energetic rehabilitation by which to restore the patient’s 
confidence in )iis recovery (Chapter XX VD.) 

Unreduced dislocation of the atlas — If a dislocation of the atlas is overlooked 
considerable displacement may be observed months or jears after injury 
Sometimes a perilous degree of di^lacemcnt becomes firml> stabihsed by 
scar tissue, but in other eases the transverse ligament is ueak and 
attenuated displacement is progressive, and paraplegia may develop from 
late compression of the cord If there is radiographic e\ idence of mcreasmg 
deformity or neurological evidence of pressure on the cord, spmal fusion 
must be undertaken The spinous processes and laiinn-e of the first three 
cervical vertebr*® are exposed and fr^hened by the Hibbs’ technique 
Grafts are mlaid and fixed to the occipital bone as described by Cone and 
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Foinatd dislocation (Fig SoO) and fracture diiloeation (Fig 
5^1) of atlas If tho c^ontoid is displaced fonrards theto 
IS less danger of coni compression and the patient often 
sumves 

Turner ^ The exposure of this region is difficult, hiemorrhagc is not easily 
controlled, anti tlio operation is one of considerable magnitude 

Spontaneous dislocation of the atlas — A girl aged sixteen, uas suffering 
from tuberculous cervical glands mtli secondarj infection One daj a 
nurse was dressing the sinuses and in order to gam better access she asked 
the patient to turn her head She assisted her by pushing her cbm , the 
girl choked, became cyanosed and was dead* This ms an example of 
spontaneous dislocation of the atHa, the result of decilcificatioii of bone 
m response to neighbouring infection causing loosening of the attachment 
of the transverse ligament (see Fig 421 p 263) 

Spontaneous suWuxation ol toe atlas — Spontaneous dislocation of the 
atlas and sudden death is rare , but spontaneous subhivation w ith “ acquired 
torticollis ’ IS more frequent It nearly always occurs in children, aged 
SIX to twelve years and it may complicate anv infection m the upper part 
of the neck Many cases have occurred after tonsillitis and some after 

' ( onp anil Turner TroMinont ot icniPal Traclnre DWacAtlona by frki!l tal Traction and luslon Jour 
li ntandJouCSarff 191" xU S-'l 

• Itcid quoted ly t rl B CUnlcaUM atkais On tl>f Snndcal Cat! Iobj orilonc Killnl iirsli 1031 

• V\ atfoii Jonc^ 'ipontancousUypcrsenlcDbloeatloiioftteAtha ireclfny ''vf iltd lUJ. sxv "icetlon 
of Ortf 01 Tciic* 5« 

‘ W Bison Jones an 1 B V Rol>ott8 CaMBratkni I>ecalciflfattotiand O^slfteatlon’ (ret lew of pcrnrtcd eases 

of 8[>ontaQcousdlslocatlon of the atHs) hrJ J«m &iirii<lib)I 
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Th^ dislocation was mluccd but the patient was eHcrlp and plaster could not 
be tolerated. A bloel. leather ‘doll collar waa used (/WiwW tr i/r •» 
a$ Jontt Blit Ainrt UitidOriMop<ntie Borp lal ) 
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nasopliarjTigitis retropharj ngeal abscess tuberculous adenitis acute mastoid 
infection and osteoma elitis of the occipital bone About a week after tlie 
onset of infection the child complains of a crick in the neck The head 
13 held rigidlj m the position of torticollis but there is no contracture or 
spasm of the stemomastoid tlie wgiditj and deformity are due to spasm 
of the deep cervical muscles Radiographs show forwa^ and rotatorj dis 
placement of the atlas (Fig 420) The displacement must be reduced under 
anoisthesia Plaster is applied with the head m neutral rotation and extension 
Recumbency skull traction and dim traction are uniiecessarj After the 
primary focus of infection is healed immobihsa 
tion is continued for ten ueeks A removable 
collar maj be used for two or three weeks longer 
until a full range of pamless movement is 
regained 

Flexion fracture dislocation of atlas and odon- 
toid — It IS often said that the gravity of dis 
location of the atlas is increased if there is also 
a fracture of the odontoid process * Precisel 3 
the opposite is the case If there is a fracture 
of the odontoid process the chances of suranral 
arc increased and with suitable treatment the 
patient makes a complete recovery there 
should be no permanent disability The atlas 
and the odontoid process are displaced together 
as a rule tliere is both forward and rotatory 
displacement Under an'esthesia the head is 
turned to the neutral position the cervical 
spine IS extended and a closely moulded plaster 
IS applied Immobilisation is continued for 
three months If reduction of the displacement is accurate the odontoid 
fracture usually unites by bone 

Hjrperestension fracture-dislocation of atlas and odontoid — Sometimes 
the displacement is in the opposite direction and the atlas together with the 
odontoid process is displaced backwards Such a displacement is shown in 
Fig 552 The antero postenor radiograph taken through the open mouth 
shows the fracture of the base of the odontoid process and shght lateral 
displacement of the interarticular joints The displacement was reduced by 
flexion of the head and a piaster jacket was applied but the patient was 
elderly and querulous and wnthm a few days it was necessary to replace 
the plaster with a moulded block leather doll collar ’ (Fig 553) 

Hyperextension fracture dislocabon of atlas and axis — In some cases tlie 
line of injury passes between the second and third cervical vertebral bodies 
and through the weak part of the neural arches of both vertebm (Fig 554) 
The bodies of both atlas and axis are tilted backwnrtls Occasionally tlie 
spinal cord is contused or extradural haimorriiagc causes paralysis and 
death If the spinal cord escapes injury the treatment is the ‘«ame as in 
liyTierextension fracture dislocation of the atlas 

F cn recfntiv puW Ix^l icxt hooV? slate Mat d loiatloD of Ow atlas iritl frarlupc of the txloRtoW riwe** 

U as a rue fa al HU of course U quite untme 
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CHAPTER XVII 


VERTEBRAL FRACTITRES AND DISLOCATIONS WITH 
PARAPLEGIA 

Injuries of the spinal cord ind catida equina inaj be classified into two 
groups — 

1 Paraplegia due to loss of conductivit} from contusion compression 

or traction injury mthout destruction of nor\e cellj, or nci%e 
fibres These lesions are capable of complete lecovers whether 
sustained bj the cauda eqiuna or by the spinal cord 

2 Paraplegia due to more severe mjurj with disruption of nerve 

cell connections and laceration or crushmg of the nerve fibre's 
Only the nerves of the cauda equina can recover after eircli an 
injury In. the spinal cord itself destructive damage cannot be 
repaired for regeneration of the nerve fibres is impossible 

The clinical picture during the first two or three weeks mav he the 
same whether the lesion of the cord is a block to conduct i\itv or an 
actual loss of eontinuitv In each case there is inhihifion of cord actiwti 
below the lesion with flaccid motor paralysis absence of renoves loss of 
superflcial and deep sensation trophic slon disturbances and visceral 
paralysis wath retention of urine If the paralysis and sensorv loss are 
not total the inhibition is clearjj meomplete and the lesion vs more hkeh 
to be a simple recoverable block than an irrecover ibic crushing injiirj 
If paralysis is total the lesion maj be either a simple hlocl or a cnishing 
injury and not until a few weeks have elapsed is it po&sihlo to judge with 
certainty whetlier the lesion is recoverable or not In main cases however 
the probabilities can be as&essed b^ radiogiaplnc examination iiid rcpcitcd 
clinical examination 


RADIOGRAPHIC EXAl^HNATIOK 

The severitj of the nerve injiirv varira witli the tvpe of fracture mil 
with the level of lesion Radiographic evudence maj make it pa‘«>'iblo to 
decide whether transection of the cord is probable possible or unlikch 
Jt must be emphasised however that the degree of displawmeiit Ahown m 
the tachograph is not ncccssanlv tliat winch existed at the time of mjurv 
(p 304) Inferences must be drawn from the jxitenti ilitics of di«.nl utinent 
disclosed b\ tlie radiogriph ratliei than from tie position of tie virtcln 
at anv one moment 

Fractures ol the sacrum — Xerve root injurj is rare bctaii o the fonunma 
are more than twice the size of the nerve rewts which emerge through them 
inien there is gross forward displaoenient of tho lower [ra^mciil of the 
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sicrum 'll! the distal sacral ner\es m%j be crushed and there is incontinence 
and gluteal ansesthesia 

Wedge compression iractnte — ^In simple aiedge fractures there is no 
(b&placement of the interartieular or intcrrertebral joints Paralj sis is rare 
and if It does arise the lesion is almost certainly due to simxile spinal con 
cussion Complete recover3 is wsiiallj observed anthin a feu daj s or u eeks 

Comminuted hyperflexion fracture — The acute flexion injnrj a Inch 
sharply ungulates tvo vertebr'e on each other and produces a comminuted 
fracture uith intervertebral disc mjurj is more likely to cause momentara 
contusion of the cord In the rare event of a posterior marginal fragment 
being forced backwards tliere may be actual compression of the cord or cauda 
equina either at the time of mjurj or during attempted reduction If such 
a fracture is left untreated the lumen of the canal max be progiessixelx 
reduced b} increasing deformitj and callus formation and even if there 
Ins been no primary nerve injurx delaxed paraplegia maj supervene 
after manj months If the pressure is promptlv leheved the prognosis in 
these cases is usuallj good 

Lumbar fracture-dislocation — Fracture dislocation of the spine is the 
bone injurx most commonly associated mth paraplegia The nerve fibres 
are contused compressed or severed between tlie upper posterior margin 
of the loner vertebral bodj and the hminw of the displaced vertebra above 
In the lumbar region the lumen of the spinal canal is wide and the nerves of 
the cauda equina are relatively mobile Displacement even of gross degree 
may cause no more than simple nerve compression Moreover the nerves 
are capable of regeneration In fracture dislocations below the first lumbai 
level which are reduced and immobilised recoverv from paraplegia max 
be expected in at least two thirds of the cases 

Lumbar fracture dislocation with locking of the articular processes 
deserves special attention If the spine is hjperextended without first 
unlocking the processes recover> from paraplegia is practicallv impossible 
because the nerve injuiy is increased bj attenuation On the othei hand 
it has now been proved that complete recoverj is possible after earlv 
operative reduction (p 32o) 

Dorsal Ixacture-flislocation — In the upper dorsal region the cord almost 
completely fills the neural canal and its mobility is restricted b^ the anchorage 
of nerve roots and the ligamentum denticulatum Forward displacement 
of the upper segment of the spine of more than minimal degree must crush 
the cord (Fig ’ioo) Severe fracture dislocations in tins region are almost 
invariably associated with complete transection and an irrecoverable 
paraplegia In the lower half of the dorsal region the cowl mjuiv max be 
less severe and a few cases have recovered after postural reduction of the 
displacement (Figs ?>G oo7) The narromiess of the escape in the e case-' 
has been proved bj persistent exaggeration of deep reflexes or bv a pennanent 
Babmski response to plantar stimulation 

Cervical ^slocation — In the cervical region wlion tJie Jigamcnts of tb^* 
interartieular and interrertebnl joints are tom there l^ free mobihtv of 
the dislocated segment of tlio spine Tlie most severe degree^ of prmiarv 
displacement maj be masked complete spontaneous reduction In 
some cases there is no radiographic evidence of lone injurv at all and vet 
tlie cord is irrecovenblj damaged Ascending li't'morrbage and ccdvma 
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may rapidlj prove fatal The prognosis must therefore be guarded On 
the other hand, even complete dislocations ^ath paraplegia mn> be associated 
•mth less severe cord, injury , and if compression is relieved b> manipulative 
reduction or by skeletal traction lecoven is possible In fractures and 
fracture dislocations of the atlas parapl^a is often mcomplete and recoi erj 
IS possible Delated paraplegia from recurrent displacement and late cord 
compression is sometimes observed 
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Specimen of fractnre dislocslion of spine showing cniahiag of 
cord between the upper angle of Iho vertcbnil bodv below anil 
the lajnm® of the tertcbm nbo%e There is also pres^uns on 
the cord by bickwartUy duplaced d»c matcnil (1 wiyorf 
V« nrt Ip I atAotog nf Jl wr n ) 

Fracture o! the lammse— In acr> exceptional cases fragments of the 
laminaj or spinous processes are forced mto the spinal canal, causing direct 
contusion and compression of the cord and necessitating earl} laniinectom} 

CLINICAL EXAMINATION 

CUmcal teatures * * — Chnical examination shortlj after the accident sliowu 
complete flaccid paraplegia with absenco of superficial and deep refloxes, 
loss of skm and deep sensation and incontinence of f-eces and retention of 

« Biddorli Spinal IdIutIm Prai Ibv SW 1#S" »»! M* . . c „ in 

•Xaftilger “ Neuroloslc*! Atr^cti o( Injurtcsio the fipliie Bom ««<! "1 5i/rr IMS 



VERTEBRAL FRACTURES WITH PARAPLEGU ail 

\iruie wth o\erfloA\ incontinence The upper limit of amesthesia is often 
marked by a zone of hyperieethesxa at the actual level of cord injur^^ 

DecnbHus ulceration — ^During the first few weeks there is a great danger 
of sloughing of the skin and subcutaneous tissues at points of pressure, 
particularly over the sacrum, the trochanters and the heels This is partly 
due to the enforced immobility of the paralysed patient to the loss of 
sensation of tissues which are subjected to pressure and to soiling and 
infection of the skm from unnarj and rectal incontinence It is also due to 
trophic skin changes winch are most severe during the first few weeks If 
the patient survives even although there is permanent motor and sensor\ 
paralysis, the tendenej to decubitus ulceration graduallv becomes less 
pronounced 

Bladder infection — There is retention of urine w ith overflow incontmence 
and a susceptibility to bladder infection This like the skin ulceration 
is due to motor sensorj and trophic disturbances The motor paralysis 
accounts for poor emptying stagnation and fermentation of urine The 
loss of sensory innervation predisposes to instrumental injury to the mucous 
membrane of the urethra and bladder Trophic changes impair the phjsio 
logical powers of defence and account for vasodilatation or e\ en haimorrliage 
into the submucous tissues 

Ceredjro spinal fluid — Examination of the cerebro spinal fluid may be 
of value m proving subdural haemorrhage which usually indicates a grave 
intraspmal lesion Sometimes, m cervical rlislocations there is evidence of 
spinal block in the lack of response of the fluid pressure to jugular yein 
compression (Queckenstedt’s test) Tins maj disappear after reduction of 
the dislocation by skeletal traction As a rule, liowes er, e\aramation of the 
fluid IS of no yalue In lumbar, dorsal and some cervical injuries although 
at the moment of injury the displacement raa\ have been such as to produce 
spinal block the laying of the patient on a flat surface reduces the drformitj 
sufficiently to restore communication of the fluid nboie and below the lei el 
of injur\ A normal pressure response does not therefore exclude the possi 
bihtj of gross displacement at the moment of injurj nor does it exclutle the 
possibihtj of reproducing such displacement if the spine is acutely fleved 

Incomplete paralysis — ^The distinction between a complete and an 
incomplete lesion of the cord can be made bj a simple clinical test If 
one of the patient’s toes is flexed and compressed in such a way that if hn 
sensation were normal severe pam would be induced, and if the patient 
perceives no sensation and shows no reaction whatever, the absence of 
pam and of deep sensation may bo accepted as eiidence of complete 
sensory loss If the patient recognises some sensation from the test, the 
lesion of the cord is incomplete Every degree of incomplete lesion may 
be ob'ierved from the paralysis which disappears within twenty-four hours, 
to the one which slowly improves o\er a period of many weeks or eieii 
months and in which some degree of residual jiaralysis and alteration of 
reflexes remains pernnneiith Tn incomplete cauda oquena lesions irii 
provenient may still be expected two xears or exen longer after injury, 
and even in injunes of the cord, incomplete lesions max continue to improxc 
for a surprisingly long time 

Complete spmal cord paralysis — an injury to the coni is characterised 
by complete and total interruption and this cxidence jiersists for more 
40 \ 
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than a few dajs, it is almost certam that the cord is transecte<l 
Certainly after three weeks, complete failure to respond to painful deep 
sensation in the toes mdicates an irrecoverable lesion The sto«e of 
total inhibition and flaccid paralysis persists for about thiee weeks 
Reflex function of the cord which is cut off from the higher centres is then 
established Stimulation of the sole of the foot gives rise to reflex with 
drawal from the stunulus Gradually the field of reception of afferent 
stimuh mcreases and the response of efferent motor stimuh extends 
Ultimately the flaccid paraplegia passes into spastic paraplegia, stimula- 
tion of any part of the lower limbs aeeoimts for a ma'ss reflex, and the 
power of the spastic calf, hamstring and adductor muscles produces the 
usual contractures As reflex activitj appears m the lower cord, reflet 
control of the bladder is established 4fc frequent intervals, but without 
the knowledge or control of the patient, the sphmeters are relaxed, the 
detrusor musculature contracts, and the bladder is emptied a powerful 
unnarj stream as broad and continuous as that of normal micturition * 
Complete cauda equina paralysis — Irrecoverable lesions of the cauda 
equina are charactensed bj' paralysis of the jienpheral type The muscles 
remam flaccid and there is no recovery of superficial or deep sensation 
The tendency to trophic slon ulceration becomes less marked and a tj pc of 
bladder control returns The bladder is still cut off from the cortical and 
thalamic centres so that normal conscious control is impossible, and it is 
cut off from the sacral spinal segments so that reflex control is impossible 
The onl} nerve control remaimng is that mitiated hj the peripheral nerve 
ganglia and this is very imperfect The sphmeters are almost if not entirely 
inefficient, but contraction of the detrusor musculature of the bladder 
wall is also inefficient * Without the reinforcement of voluntarj abdominal 
wall muscles, the detrusor musculature ma> be mcapable of overcoming 
the meclnmeal resistance of the elastic tissues surrounding the urethra in the 
region of the triangular ligament This resistance takes the place of the 
normall}' innervated sphincters and the abdominal muscles take the place of 
the norraalh innervated detnisor musculature Comidcrable straining 
efforts are necessarj, the stream is Him and it is interrupted whcncxer the 
patient pauses for a breath but relative comfort is possible, for apart from 
the accidents which accompany coughing and sneezing the victim can remain 
drj If therefore he can succeeil in overcoming retention and cmpt.ving the 
bladder bj straming he is m a much happier condition than the patient 
with a transverse cord lesion who though he has a perfect reflex njcclianisni, 
IS unable to control it 


TREATMENT OF VERTEBRAL FRACTURES WITH PARAPLEGIA 


First-aid treatment — Thetxctim oj a spinal injury complicated by paraplegia 
must neter be lifted by the shotdders and htps tn su<dt a tcay that Ike spine sngi 
helneen the points of support * If the patient is i>ing face upwards and is 
lifted in this manner, forcible flexion of the lumbo dorsal spine nionientanli 
increases the displacement and maj inflict serious damage on the coni 
{Fig }55) The face down position is relativelv safe for the spmc is then 
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hyperextended, and in mast spinal fractures hyperextension reduces the 
displacement and relieves cord compression We non Ivnow, lionever, that 
hyperextension is not invariably safe, for there are a fen- rare spinal injuries 
in which even this, position may increase the nerve injury (Chapter XV) 
The mam object of the first aid worker must be to keep the spine straight 
As soon as possible a flat stretcher or board is placed alongside the patient, 
who IS carefully rolled on to it K he is hfted at all this must be done by 
many slings of bandage or other material passed under the dorso lumbar 
junction as well as under the head, Shoulders and hips Once on the stretcher 
the patient must not be moved from it until radiographic examination his 
disclosed the exact nature of the mjury 

The original teaching of ambulance workers to turn a patient nitli a 
spinal injurj on to his back before lifting him b\ the shoulders and hips, 
was obviously wrong for it produced a dangerous degree of flexion of the 
spine But the most recent su^estion of a special first aid stretcher uhich 
fully hyperextends the spme even before the victim leaves the site of 
accident^ is a swmg to the opposite extreme and is also wrong The 
ambulance worker must aim at the neutral position perextension must 
be performed only bj the surgeon after complete radiographic investigation 
has proved that it is necessary and safe 

Should the fracture be reduced? — The principle of earlj reduction of 
uncompUcated spinal fractures is now accepted, but the appbcation of 
this principle to the fracture with paraplegia is not generally accepted 
It IS easy to argue m favour of immediate reduction and imraobilisataon 
because this obviously relieves nerve compression and prc\ents further 
injury The cord and spinal nerves have been contused and are possibly 
compressed bj displaced bone Replacement of the bone in its normal 
position bj manipulation is clearly more rational than the removal of bone 
bj lammectomj (Figs 550 557) 

The objection lies in the fear that the plaster used to maintain the 
reduction, being apphed oxer insensitive tissues, wall increase the dangers of 
decubitus ulceration * The fact remains howexer, that there is no altema 
tive treatment which can be relied upon Hyperextended beds and frames, 
and slings under the patient passed to overhead beams are just as certain 
to be complicated m this waj and the use of water beds is ei en more likely 
to produce pressure sores It is also argued that the cord injury was 
determined at the moment of accident by the seventy of the original blow, 
and that subsequent compression is unimportant, and indeed is non-existent 
if the patient lies flat m bed ’ Tins argument ox erlooks the demands of 
nursing The patient must be continually twisted and turned and hfted, 
and th^e manceuvres are easily capable of reproducing the original dis 
placement We must conclude that the best treatment for the coni 
injury is reduction and immobilisation of the fracture at the earliest 
possible inoment 

Lumbar fractures and dislocations ; plaster jacket — In the lumbar region 
the prognosis is so good, and it is so probable that the paraplegia will recover 
wathin a few weelffl that as a rule there can be no senous objection to 
the usual routine treatment — postural reduction by hyTicrextension and 
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immoMisatmn in a piaster jacket The patient is turned on to his neht 
Bide hia face his left side and his hack at honrlj intervals Even effort 
IS made to keep him. dn and if necessan tnndotvs niaj be cut in the plaster 
to reduce the pressure over promment bones A nen jacket ts apphed 
as soon as recovery from the nerve lesion permits it In a fen eases of 
lumbar mjurj noth paraplegia so complete that earlj recoicrt is iiiilikeli 
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the treatment nhich is used for dorsal injuries 'nith complete paraplegia 
maj be adopted 

Dorsal fractures and dislocations plaster bed — In dorsal injunes nhere 
the prognosis is more doubtful and where there is n greater likelihood of 
complete and prolonged pamljsis a plaster bed is used pometimcs with 
skeletal traction The fracture is reduced b\ laiing the patient face down 
wards on a firm table wath tJ e spine e\tendetl bi pillows and sandbags under 
tJie slioiilflers and pelvis Leg suspension ba the Dnis technique tnaa Ik* 
added if the patient s gener il condition permits it A p! later hed w made 1 \ 
AppUing inanj plaster slabs o\er tlie patient s 1 ack until there !•> u imiform 
thickness of from ^ to 1 iii Quick setting plaster rniist Ik* iiswl 1 he Ijed is 
at once remov ed dried bi hot air and a^ell p iddcil w itli thick felting or wirlni 
rubber "Nreauw bile the skin of the back is thoroiiglih cleaned and nlctiliol 
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and camphor are apphed The plaster bed is then replaced and the patient 
IS twmed 

Immediate steps must be taken to relieve pressure over the sacrum and 
heels This is most easily accomplished by usmg skeletal traction from 
both tibial tubercles* Two Brauns ephnts are used with 10 or 15 lbs 
of extension and the foot of the bed is raised Adhesive strapping traction 
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Same ca«c as Fig 5oS after maiupalstirc reduction (radiograph 
through plaster) The paraplegia fully recoTetcd 


to the forefoot keeps the heels oil the sphnts and prevents drop foot 
Subsequentlj an anterior plaster hd or turning case maj be constructed so 
that the patient can be turned vithout moving the spme If the paraplegia 
recovers vithin a feu ueeks an ordinarj plaster jacket is applied If the 
nerve lesion remains complete and is obvioualj irrecoverable the immobihsa 
tion and skeletal traction are di'jcontinued after eight or ten ueeks 

Cervical iractures and dislocations skull traction — ^In cases of complete 
paraplegia at the cervical lea el the patient is usuallj desperatelj ill , the 
chest muscles are paralysed and respiration is entirelj diaphragmatic The 
most that can be done is to applj skull callipers under local ana?stliesia and 
to defer the application of a plater jacket until the general condition is 
improa ed and there is sign of rccoverj from the parah sis 
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Indications for laminectomy— The only certain indication for lammectomj 
m recent injuries is the exceptionallj rare case of depressed fracture of the 
lamin® or spinous processes In lumbar injuries mth cauda equina paraK-sis 
which fail to show early reeoverj laminectomj may be justifiable for ^\o 
are dealing inth peripheral nerves which are capable of regeneration * * 
Late operative treatment is usualh hopeless because the nene roots are 
so extensively matted 

In dorsal and cervical injuries of the cord there is some doubt as to 
whether lammectomy is ever of value In tbe only cases nhere the operation 

can do more than is possible by simple reduction of the displacement cases 

of aacendmg paraljsis due to spreading liamiorrhage and oKlenia— the 
patient is usually too ill to permit of any mterfereuce at all 

In the later stages laminectomy may be mdicated for tbe delated 
paraplegia of untreated comminuted fractures involving the neural canal 
and of cervical fractures and dislocations mth recurrent displacement 

Care of tbe Madder — Unnarj infection is the usual cause of death after 
fracture of the spine with paraplegia Of 339 spinal bladder cases reported 
bj Thomson Walker® m 1917 nearly 50 per cent died of iirimrv sepsis mtlun 
two months and the ultimate death roll from ascending unnarj infection 
and ursemia was estimated to be 80 per cent The factor*, nliich predispose 
to infection of the paralysed bladder have already been discus«ed (p 3.>1) 
the exciting cause is catheterisation Intermittent catlieten&atJOii is 
disastrous no matter what precautions are adopted mfeetion is almost 
certain to supervene Even an mdwellmg catheter mth intermittent avnsliing 
of the bladder may be unsafe dunng the first fen weeks when there are 
pronounced trophic changes in the mucosa of the urethra and bladder 
Thomson ^^alker reported that cases treated in this way am\cd in liospital 
with part of the urethral floor and overlying stnictnres sloughed out at 
the peno scrotal angle leaving a gap of I to 2 in as the result of combitietl 
urethritis and the pressure of a lied in catheter It is true tliat a tied m 
catheter with tidal drainage and an antiseptic fluid seal may be successful 
in well-equipped hospitals under skilled supervision but as an emergenev 
measure the technique is unsafe The management of the panJjsed bladder 
must be referred at the earbest possible moment to a skilled urological 
surgeon ® and meanwhile tbe ortliop-edic suigeon should be giudcd by the 
following principles — 

(1) lielention of tame mnst be relteied ptomjyHi/ — For the same reason that 
pressure over the sacrum causes trophic skin xilceration and beiLores pressure 
due to distension of the bladder causes trophic mucosal ulceration and 
cystitis Petention of urine must be rclieaed despite the fact that the patient 
complains of no pain and does not demand relief 

(2) No catheter should be passed — The orthopTtlic suigeon should not 
accept the risk of passing a urethral catheter When management of the 
bladder has been handed oaer to a skilled urologist it h possible that he ma\ 
elect to use an indwelling catheter and tidal drainage but mcamvhilc retention 
must be rcheted by other methorls 
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(3) Distension of the bloKhhr «.ith oierfioic is unsafe — Despite reports 
fiom one dime that if no 'Single passage of a catheter is perimtted the bladder 
may be altov,ed to distend and o\erflow,* * the general consensus of opinion 
IS that this method is unsafe because mtraaesical pressure causes trophic 
ulceration 

(4) Manual erpi esaion of the blatidei is unsafe — ^The technique of emptj mg 
the paralysed bladder hy manual expression is unsafe because tliere is nsh of 
rupturing the bladder 

(5) Aspiration of the bladcfei tsre7aUvelffsaf€-~Thepiibisissha\ed theskm 
sterilised and a lumbar puncture needle inserted m a backward and down 
ward direction urine is drawn off with a 20 cc aspirating sjTinge The 
aspiration must be repeated at six or eight honrl5 intervals If this 
method is continued too long it causes pre xesical cellulitis 

(C) Suprapubic cystotomy ts safe — As soon as the patient is admitted to 
hospital suprapubic cj stotom\ nia^' be performed If the lesion is above the 
eleventh dorsal segment no ansesthetic is necessary, but if it is below this 
le^el general anesthesia should be used The bladder is exposed freeb\ 
througli a niidline incision and picked up securelj with tissue forceps J m. 
apart a de Pezzar or llalecot catheter is introduced through an appropriate 
trocar and cannula or bj means of a bladder perforator It i& important 
that the fistula should be made high halfwaj betw ecn the sj mphysis and 
umbilicus m order to pre\ent leakage Tlie catheter is connected b^ 
sterile rubber tubing to a water seal bottle on the floor beside the bed 
No imgntion of the bladder is necessaij unless there is alreadj infection, 
and even then the bladder must not be distended 

The management of irrecoverable paraplegia— The normal and healthj 
individual finds it dilficult to behe\e that a paraplegic patient can overcome 
his anguish en;ov eoinparatne freedom from pain, achieve complacency, 
engage m sedentary occupations and games, become mentally normal and 
finally lead a happy life But disabled saihrs soldiers airmen and emhans 
have proved that this can be true ® The important points m nursing are 
(1) to prevent infection of the unnarv tract which is the cause of death m 
nearly all paraplegics (2) to prevent trophic ulceration and bedsores, 
(3) to mitigate the discomforts of incontinence , (4) to ensure adequate 
sleep 

Drainage of the bladder is necessary for the control of urinary infection 
As a rule the bladdei must be washed out daily, either supra pubicalU , or 
by means of a urethral catheter through the bladder and out by the supra- 
pubic tube The suprapubic tube must be elniiged at regular intervals, 
preferabh each day \M)cii the patient is up m Jus wheel clnir or bnnd- 
propelled tricycle the catheter is connected with a rubber unnal suspended 
from the waist strapped to the thigh, and emptied by a tap near the ankle 
If there is no suprapubic drainage a urnial with a penile sheath is used 
Tor the control of rectal incontinence it is wise to spend one, or perhaps 
two days a week m bed — enema days ” when the colon is emptied by high 
irrigation VMth water ‘‘oap and turpentine With such a routine, social 
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engagements “ire possible on the other dajs of the A\eek ^Mthout fear of 
incontmence Lnremittmg mir&mg care of the Mhole bod\ is nece'«snr\ to 
avoid trophic ulceration of the skin The patient should sleep on a 
Dunlopillo mattress hisuheel chair must be u ell padded ^^lthcu<^hlon^ 
the sacrum hips and loner extremities must be constantlv natched suitabh 
cleaned hardened nith spirit and pondered nith talc Tno or tliree batlis 
a week are valuable if the bath is at ngjit angles to tJie mil and tno 
orderhes are available the problem is facilitated It is sometimes posMblc 
uith the aid of crutches and surgical splints of the caliper t\-pc to teach 
patients to ualk uith a tripoid gait Little imagmation is needed to realise 
the sense of achievement and tremendous psachological stimulus of eien 
the most haltmg progression 



CHAPTER XVIII 


LOW BACK STRAIN AND SCIATICA 

“ Xo problem has been more perplexing than the low back pun of ortlio- 
p-edics, but with increased knowledge and after an immense amount of 
research, order and liope liare ei oired from chaos ” — ^Walter Mercer 

In the lumbo sacral region there is a complex anatomical sj stem of 
more than twentj joints with innumerable ligaments, muscles and 
aponeuroses These joints are as susceptible to trauma as the joints 
of the limbs , they maj suffer ligamentous injury, muscle strain, 
cartilage displacement sublujcation ^location or traumatic arthritis 
But whereas the knee joint, for example, is a single and easilj accessible 
joint, the lumbo sacral system of joints lies deeply, and the various 
components cannot be examined individuall}^ Difficulties arise from the 
closely related nene supplj The posterior muscles, fascne and lignments 
the lumbar mtcrarticular and intervertebral joints and the sacro-ilmc and 
lumbosacral jomts are all supplied by the posterior pnmarj diMsions of 
the lumbar nerves Pam arising m an\ of these structures mat be refeircd 
as a reflex phenomenon throughout the distribution of the low lumbar 
nerves to the back of the thigh, the leg and the foot Steindler has proved 
that sciatica maj arise refiexty in anj low back strain, oven although there 
IS no direct compression of the nerve * In addition to this source of referred 
pam, there may also be actual compression and irritation of the sciatic 
nerve or its roots This maj occur within tlie spinal canal where the cauda 
equma lies close to the intervertebral joints, in tlie intervertebral foramina 
where the nerve roots are in contact with the intcrarticuhr joints, or in anv 
part of the peripheral course of the nerve trunk through the mu'«cles and 
aponeuroses of the lumbar and gluteal regions 

Syndrome ol “ Sciatic Scoliosis ” ~ — ^Il'hether the pain arises reflcxl^ 
or by direct compression, and whether its source is vnthin the spinal canal, 
in the intervertebral foramen or m the peripheral course, the radiation 
into the thigh and leg is the same rurthermore, wliethcr the sjniptonis 
in the low back are due to a painful muscle, a painful ligament or joint or 
an imtatcd nen e, the same muscle guard is obscrv ed, and there i-> lumbar 
rigiditj, an unwalhngness to flex the spme, and sometimes a list to one side 
producing slight asj mmetrv of the trunk bo that the curv o of one lorn is 
more pronounced than the oilier In more severe cases there is obvious 
deformitv described as “total scoliosM ” (Fig CtoS) Similarly, straight 
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leg raising not onh stretches the sciatic nerve but b\ tightening the luin 
string muscles md tiltmg the pelvis it strains the sacro ihac joints Ratteiw 
the lumbar spine and applies tension to all the posterior ligament'* 
muscles and aponeuroses Limitation of this movement from the normal 
range of 80® to 30° or 40° (Lasegue sign) iua\ he observed in nin of the 
mjuries uluch cau&e lou hack pain and sciatica All these sMiijitonK 
and signs ^lumbar and glnteal paui sciatica lumbar ngiditi fohil 
scoliosis and limitation of straight leg raiding — make up the sMuhtmie 
of sciatio scoliosis which ma\ arise from many pathological Icbions 
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Classification of low back strains — 
The lesions responsible for scntio 
scoliosis can he classified into three 
groups — 

Myofascial ami ligamenioHstiijt nes 

1 Strain of sacro spmalis or of 

gluteal muscles C'^peci 
all^ at their i>eno teal 
attachments 

2 Pascial contractures anil iid 

hesions following strain 

3 Stramofsacro ihacorhimI»o 

sacral hgaiiient? and of 
mterspmous. ligaments 
with or without spmou'* 
process impingement 
Join! uijunes 

1 Strain or ^ubluvation of 

mterarticular sacro iliac 
and Imubo sacral joints 

2 Stram of pre\ lOusU arthritic 

joints 

Inleriertehral disc titjunet 

I Rupture of posterior com 
mon hgnment with retro 
pulsion of inten crtcbriil 
dtiC into the spinal canal 
orintenertcbralforamen 
' Fibrosis and hepertrophe of 
ligamentaflaaa 


Etiology — The re ponsibfc injury maa immediateh precede the on et of 
symptoms or there ina^ be an witenal of some montlis The accident is 
sometmies a fall from a height in the standing or sitting position or a 
flevion force such as is capable of producing a aerteiiral bod\ fracture 
More often it is a strain sustained bi lifting a heavi weight The lumbar 
region of man has been niodifieil to meet the requirements of the erect 
posture and its structural e/ficicncj is greate'«t in that iKwitiori In iho 
stooping position the muscles and ligaments are on stretch and the joints 
bear a cross strain This susceptibilitv to injure in often nicrca‘'Cd hj 
the nrchitecturnl deficiencic'i which are «o common at the himhosacru 
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junction^ Horizontal sacrum apondjloljsis spina bifida, posterior dis 
placement of the fifth lumbar vertebra sacrahsation of transverse processes, 
asjmmetncil articular facets and impingement of spinous processes are 
not so much the primary causes of pain in the back as factors predisposing 
to injury 


MYOFASCIAL INJURIES 

Sacrospinalis and gluteal strain — ^The common sites of mjofascial strain 
are (1) the origin of the sacrospinalis from the back of the sacrum between 
the spmous processes and the posterior superior ihac spine and (2) the origm 
of the gluteus maxuuus from the postenor superior ihac spine and the 
sacro tuberous ligament 

Clinical features — ^In addition to the classical features of sciatic scoliosis 
— lumbar pain sometimes sciatica lumbar rigidity especiallj to flexion 
movement a list of the trunk to one side and limitation of straight leg 
raising — there is tenderness on pressure over the periosteal attaeliment of 
the injured muscle There ma^ also be diffuse tenderness and hjiier’csthesia 
over the whole of the muscle sheath The absence of a histoij of previous 
recurrent attacks of low back pain excludes manv tjpes of sciatic scohosi's 
The differentiation from other acute injuries depends entirely upon tlie 
localisation of tenderness This localisation should be accuratelj confirmed 
by the follow mg test 

Steindlers tiaiocaine test * — Die tender point is marked and tho skm is 
amcbthetised with a few drops of novocainc The needle is inserted dceplj 
and the involved tissue is identified by the unu5uall^ sharp pam which 
is elicited when tlie point of the needle comes in contact with it Troin 
five to ten cubic centimetres of I per cent novocame are injected Five 
postulates must be met before the diagnosis is proved (1) contact of the 
needle aggravates the local pam (2) contact of the needle elicits or aggra 
rates the painful radiation into the tliigh and leg (3) noiocaine injection 
suppresses the local pam (4) novocame injection suppresses the radiating 
pam (5) novocame injection restores normal straight leg raising movement 

Treatment — ^The object of treatment is the repair of torn tissues without 
extensive adhesion formation or fascial contracture Earlv forcible passive 
stretching and manipulation increase the fibrinous exudation and aggravate 
scar tissue formation On the other hand scar contracture is encouraged 
by undue deJaj in the practice of active exercises During tlie earh acute 
stage protection bj firm bandaging a lumbar belt or even a plastei jacket is 
necessary Radiant heat and dialherin-v are contraindicated thev increa‘«t 
the local hjTierajmn swelling and exudation \Mitn heat is combined 
with deep massage the pam is usuiHi aggravated and imt>cle vpasm is> 
increased Ifelectrotherapj and phjsiothenpj are uaetl at all the treatment 
must be confined to light soothing massage \\ hen the acute sv niptoms hav c 
subsided active exercises arc practised and in tho Interstages plivsiotlierapv 
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and electrotherapy may be beneficial The possibiht^ that the mjiirj 
has been no more than an e'^citing cause lighting up a toxic fibrositis must 
be borne in mmd Colonic stasis and distant foci of infection should be 
excluded ^ 

Bepeaied novocaint injection of Lenehe — ^In some cases the actual tissue 
injury is of minimal degree and jet the disabihtj is prolonged and eeiere 
fascial contracture maj arise Lenehe believes that these changes are 
due to stimulation of the sensory nerve endmgs m the mjured tissues 
Afferent impulses pass to tJie cord efferent autonomic impulses arise and 

the vessels in the neighbourhood 
oftIieinjur\ are dilated {Fig oO) 
Vaso dilatation causes effusion 
and the outpouring of metabolites 
further stimulates the nerve 
endmgs and maintains the reflex 
stimulation A vicious circle is 
set up and the fibrinouj* exuda 
tion IS out of all proportion to 
the degree of local mjur\ If the 
reflex arc is cut by noroeamo 
mjeetion the circle is broken and 
recovery is accelerated Noio 
came injection is important 
therefore not onlj as a diag 
nostic procedure but also as a 
therapeutic measure * It ina\ be 
repeated every third or foiuth 
day The patient should lie 
warned of the temporary reoc 
tion of pam nhicb maj be verj 
severe after seven! hour? uJicn 
tbc analgesia passes off 

Fascial contractures following 
strain — ofascnl adhesions aiul 
contracture maj supervene Ihe 
sjTnptoiiis of lou bach pun and 
sciatica persist with recunei t acute cxacecbations T1 e contracture is most 
marked m the gluteal fascia belou the posterior superior spine or antenorlj 
in the region of the tensor fasci® Jat® and the ilio tibial band It sonjctinies 
produces an actual abduction contracture of the hip uliich maj be 
demonstrated bj Obers test* The patient lies on his sound side with the 
hips sufficiently flexed to obliterate the lumbar lordosis Tlio iipjicr leg 
IS flexed to a nght angle at the knee The ankle is hghtlj grasped uith one 
hand and the hip is steadied witli the other The hmb is then abducted and 
extended at the hip until the thigh is in hne mth the trunk If there is 
an abduction contracture the limb remains passueh abluctcd b\ the 
shortened ilio tibial band ivhich can be felt tighth streteJ cd 



Jlbee SlsrofasctU Anur Jm Surf HU# I) 

•CampbeU On 1 norlnlnriw Jimr KiV 4 

• Ob«r “ EWe ol t e Illo-Ub al Band and in h LnU In I ack 1 tal 
andJOftttSurt irill 105 


««RlS L 


Jou I 



LOW BACK STRAIN AIJD SCIATICA 363 

Ober's operation — ^An incision is made from the antenor superior spine to 
the trochanter The ilio tibial band and fascia lata are incised and the 
intermuscular septa are divided. I 3 ie cut surfaces are sometimes of almost 
cartilaginous hardness and they retract 2 in or more as soon as the incision 
IS complete Relief usuallj begins within a week of operation, straight leg 
raising steadily increases and the low back pain disappears within two or 
three months 

Stripping of the posterior superior spine — in the acute stage the symp 
toms were localised by clinical and novocaine tests to the region of the pos* 
tenor superior spine, the muscles and fascim should be stripped from the 
ihac crest exactly as in Smith Petersen’s exposure of the sacro iliac joint * 
It was the almost immediate rebef of sciatica by Smith Petersen’s exposure 
of the ihum for suspected bone or joint lesions which led Roberts - and 
Heyraan * to recognise the therapeutic possibilities of this simple division of 
soft tissues 

Manipulation of the spine — ^If the initial symptoms were related to the 
sacro spinahs and its aponeurosis rather than to the gluteal muscles and 
fascias, and if there is no abduction contracture of the hip, the spine maj 
be manipulated under amesthesia The decision to manipulate a spine for 
sciatic scoliosis must be made however onlj after careful consideration 
Some surgeons have reported many successful cKsesf but on the whole the 
manipulative treatment of sciatic scoliosis has been disappointing Verj 
frequently after temporary relief the disability recurs It is always 
difficult to be sure that there is no factor other than simple adhesion 
formation, and if the symptoms are due to the displacement of an 
intervertebral disc manipulation of the spine is dangerous and 12103 ©'©n 
produce paraplegia 

Strain 0! sacro>ihac and inferspmous ligaments— The strain may be 
concentrated not on the spmal and gluteal muscles, but on the ligaments of 
the sacro iliac joints and the interspinous and supraspinous ligaments 
Localisation may be possible by clinical examination and b} the novocaine 
injection test Treatment is the same as for myofascial strams Repeated 
novocaine injection by the technique of Lcnclie is of \ahie, and m the later 
stages manipulative treatment ma^ be necessary 

Excision of spinous process — a lesion of an interspinous ligament resists 
conservative treatment the possibilitj of aggravation b} impmgement of 
adjacent spinous processes should be considered Removal of one of the 
impinging processes has sometimes given relief 


TOINT INllTBIES 

The strain ma> ha\ e involved the sacro ihac, lumbo sacral or inter- 
articular joints, and in each case the sciatic soohosis sjTidrome develops 
Deep tenderness maj be elicited over the mvohed jomt, and localisation is 
sometmies possible b3 deep exploration wath a needle and b3 novocaine 
injection A long history of recurrent attacks persisting despite phjsio- 
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therapeutic treatment mth no evidence of fascial contracture is suggestive 
of joint involvement Careful radiographic examination is of importance 
for in manj cases the injurj is onlj an exciting factor lightmg up a 
pre existing arthritis ^ 

Sacrovihac arthntis — ^The surgeon must be continuallj on gnanl to 
exclude sacro ihac tuberculoats which often develops msidiouslj nppirentlj 
as the result of injury and which maj simulate the traumatic tjpcs 
of sciatic scobosis Sooner or later, radiographic examination will disclose 
the typical bone destruction Sjmptoms related to the sacroiliac joint 
developing after parturition are often due to low grade vifectue arihniis 
The infection maj never advance to the stage of abscess formation and 

sjTnptoms persist until the pelvis and lumbar spine are immobilii.cd m 
plaster 

Spondylitis deformans (ankj losing spondylitis) is often liglited up bv 
injury It gives rise to the typical sciatic scoliosis svndrome and in ti e 
early stages mav be erroneoiish diagiiosed as simple Ion Jjack strain 
Radiographic evidence of new bone formation round the intervertebral 
joints appears onlv after the symptoms have been present for several v ears 
There are two distinguishing features The ngiditv involves not only tlie 
lumbar spme but the whole spine to the cervico dorsal junction and lateral 
and hjperestension movements are limited as well as flexion movement 
The whole spme moves in one piece Secondly many months or vears 
before radiographic changes appear m the spme there is sclerosis of bone 
round both sacro iliac joints This is the first stage of the sacro iliac arthritis 
which progresses to complete disappearance of the joint space end ultimately 
to bony ankylosis This is the one tvpe of arthntia yvlnch responds 
draniaticalh to radiotherapy Complete relief from pain can bo assured 
and by suitable hv perextension exerci&es and the temporary u«ie of a posterior 
spinal support deformity can l>e controlled 

Osteo-arthntis of the lumbar spine is shown radiographically by the 
multiple osteophytes at the margins of the vertebral bodies and bv nnrrowang 
of the intervertebral jomt spaces Radiographs taken m the oblifpie plane 
may dibclose arthritic changes m the interarticular joints * It is important 
to recall that many middle aged individuals show osteophyle formation 
round the lumbar vertebral bodies and that this is not nece'^irdv a source 
of pain The surgeon should continue in his search for other causes of 
low back pain and sciatica 

ium&o-sacra/ aillinhs — ^Narrowing of the lumbosacral intefrertcbraJ 
disc space has been noted m some cases of sciatic scoliosis by many 
observers. The degenerative and traumatic arthritis which results m 
narrow mg of the disc may be a direct cause of low back pain and relies 
sciatica Furthermore sciatic pain may be the result of nerv e root 
compression from two possible sequela? As the disc diaappcnrs the 
adjacent vertebral bodies approximate their articular processes sub 
luxate ami there is encroachment on the intervertebral foramen 
The nerve root pressure may demand facetectomy * SccoiuHv if the 
disc is not merely degeneratcvl but actually displaccil backward-) 
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nito the spinal canal or inters ertebml foramen 
the displaced nodule exerts pressure on the 
ner\e roots of the eauda equma 

Interaiticular arthritis — In other cases there 
IS no clinical or ndiographic evidence of sacro 
line luinbo sacral or inten ertebral arthritis 
but the injofascnl t>pe of sciatic scoUogis has 
been excluded and neurological investigation 
mar ha\e excluded pressure within the spmal 
canal There is sometimes evidence of distant 
foci of infection of leciment boils of a rhen 
inatic tendenc\ or of mild rheumatoid changes 
The presumption is that strain has lighted up 
an interarticular arthritis It is difficult to 
confirm this radiographicall\ or cluucalli but 
the frequencj of arthritic changes in these 
joints IS proved bj post mortem examinations 
The relief which follows plaster immobilisation 
helps to confirm the presumption 

Treatment — In nearly all cases where the 
sciatic scoliosis sjndrome persists and recurs 
relief may be secured by immobibsation in a 
plaster jacket applied uith slight head traction 
(Fig iCO) The traction enlarges the inter 
\ ertebral foramina and there may be immediate 
relief from agonising pam as soon as the jacket 
19 applied The subsequent treatment depends 
on the type of case and two groups must be differentiated (a) where an 
underlying arthritis is proved and (6) where a simple traumatic arthritis 
IS presumed 

Cases of prcied arthritis — If there is sclerosis of bone adjacent to tlie 
sacro ihac joints and diffuse rigidity indicating 
a general spondylitis the plaster jacket is 
retained for two or three months until pam 
IS completely rebeved and it is then replaced 
b> a celluloid jacket or posterior spinal support 
which must be worn for sei era! > ears (Fig 561) 
When fixation of all interarticular and inter 
\ ertebral joints is so sound that pain cannot 
recur the support is discarded gradualh If 
there is sacro ihac arthritis w Inch is not part 
of a general spondilitis the joint should be 
artliFC^esed by the Smith Peterxen technique 
(Fig >72) If there is hunbo sacral arthntw 
a lumbo sacral arthrodes!'> !•> indicated ' but 
onH after the possibilita of retropuUion 
of the intervertebral disc has been excliidwl 
The fusion ma\ bo combined with excision 
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pectS^ processes if intervertebral foramen pressure is sus 

Gases of presumed traumahc ar/Antw— WTiere no underh-mg arthritis has 
been proved the plaster jacket is retained until there lias been complete 
freedom from pam for at least one month As a rule this involves piaster 
fixation for not less than three months The plaster is then discarded A 
simple corset or saero diac belt maj be worn for a short period The patient 
IS allowed to recover movements of the spine by his own cautious activit\ 
He IS kept under contmued observation If an acute attack recurs m sub 
sequent months neurological investigation must be imdertaken to exclude 
the third t jqie of sciatic scoliosis— that due to retropulsion of an intervertebral 
disc Only if this is excluded are we justified m assuming that tliere is a 
recurrent arthritis which must be treated by the continued protection of 
a celluloid jacket for manj months or even jears 


INTERVERTEBRAL DISC INJURIES 


In 1896 Kocher ^ reported the case of a man who fell 100 ft in the 
standing position Autopsy revealed a rupture of one of the lumhar inter 
vertebral discs without fracture of the vertebral bodj In 1011 Jliddleton ^ 
operated on the spine of a man who lifred a heavj weight felt a snap in the 
back and withm a fen hours developed flaccid paraplegia A firm white 
mass XV as removed which resembled the central pulp of the intervertebral 
disc In the same jear Goldthwait’ reported a case of manipulation of 
the spine under anaistbesia to reduce a subluvatcd saero ihac joint 
which was followed immediately by paraplegia He concluded that backward 
displacement of the lumbo sacral intervertebral disc was responsible for this 
catastrophe and probably also for other cases of lumbago and sciatica 

These three cases are the first records of retropulsion of the nucleus 
pulposus of an intervertebral disc and the^ illustrate the three types ot 
injury which max produce or aggravate such a displacement — falls from a 
height flexion strain while Iiftmg a heavj weight and manipulation of tie 
spine imder ana?sthesia "More recenflj cases have been descrilcd of 
retropulsion followmg puncture of a disc by a lumbar puncture needle winch 
had been pushed too far across the spinal canal * 

Pathological features — It is probable that degenerative changes m Uie 
annulus fibrosus and postenor longitudinal hgament max weaken the pen 
pheral part of a disc and predispose to injury * IvevertlieJess the tmuinatic 
factor IS defimte The displacement nsu^ly occurs m health} j oung adults 
between the ages of thirta and fortj In oO per cent of cases there is a 
history of mjuiy immediately preceding the onset of sy mptoms and m o 
further 30 per cent a history of injury followed by a latent period Tlie 
lesion Is. three times as common in men os in women and althoiigli anv level 
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of the spme mav be involved the large majoritj invohe the lurabo sicral 
disc (So per cent ) or the disc betw'een the fourth and fifth lumbar v ertebm 
(oO per cent) ^ 

The intervertebral discs form an anterior ivall to the spinal canal 
exactly at the lea el where the nerve roots are passing lateral!) to emerge 
through the intervertebral foramina Small midhne protrusions ma) 
therefore arise without nerve jaressure and maj be found m routine post 
mortem examinations On the other hand a lateral displacement occurs 
at a point iihere the nerve root cannot escape fnction and pressure (Fig 
'> 02 ) It IS the attempt to aaoid this frictional and compression neuritis 
which accounts for lumbar ngidita and 
total scoliosis The list ma> lie towards 
or aw aj from the side of pain depending 
on the anatomical relationship of the 
mass to the nerve root As a rule onl) 
one nerv'e root ii> involved Ihe overlap 
of areas supplied with sensation b\ the 
lumbar and sacral nerves is so complete 
that It IS mipossible to refer paiu in one 
region of the limb to a particular nerve 
root For the same reason seiison 
impairment oi aii'esthesia is seldom 
demonstrated because as Foerstcr has 
shown at least two sensor) nerve roots 
must be severed before there is even a 
limited area of anesthesia in the limb * 

It IS therefore impossible to proie nerve 
root compression or to localise the level 
of the lesion bj clinical tests Special radiograpl ic ma estigation is 
necessar) 

Clinical features — The chnical picture is that of sciatic scohosis and there 
IS no symptom or sign which is pathognomonic A vigorous )Oung man 
IS hfting a weight feels a snap in his back and immediatel) complains of 
pain m the lumbo sacral region There is lumbar rigidit) loss of the normal 
lumbar lordosis and probably a list of the spine to one side At some time 
thereafter sciatica develops The pain is vei^ severe it is aggravated b) 
sneezing and coughing and it maj be almost impossible to turn m bed 
There is sometimes tingling and numbness m the foot and toes Straight 
leg raising is limited to ‘’0° or JO" on the painful side and somewJ at limited 
on the opposite side If the nerve root irritation is of long standing the 
ankle jerk is absent but tl ere is usuallv no other neurological sign 

Tie clinical features «50 far desenbed are characteristic of an\ inrieti 
of sciatic scohosis Tlie ti'pe of mjiir) and the immobilising intcnsit\ of tl e 
pain maa lead the surgeon to suspect displacement of a ihsc but the sa mpt oms 
could also be due to mjofascial ligamentous or articular mjurs The 
injection of hpiodol for \ raj screening w hich is nece‘?san to prove 
displacement of the disc imoKes some risk of inducing an imtatnc 
leptomeningitis it is not an investigation to be undertaken lighth At 
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this stage therefore the patient is usuaU} treated bj immobilisation in 
a head traction plaster jacket IVietion of the nerve root is controlled 
pain IS reheved and within two ca- three months it mij disappear Some 
times treatment by osteopathy or bv manipulation under anaistheaia has 
been pursued and there maj have been sudden and dramatic relief from the 
pain There is little doubt that displacement of the fibro cartilage mai 
to some extent be reduced for the hole in the aimiilus fibrosus is large enough 
to permit movement of the fragments of cartilage m each direction ‘Nioner 
or later houever the disc materia] is redisplaced and the mass uithui tie 
spmal canal becomes bigger Nerve friction gives place to nen e compre «ion 
and each attack of pam is likely to be more severe and less capable of relief 
b} immobibsation in plaster Ultimately the agonising pam can he controlled 
onlj b} heavj doses of morphine and the victim ma\ e\cn be drnen to dnig 
addiction 

If the intraspinal mass is of sufficient size more than one ^er^e root ma\ 
be mvohed areas of ana^thesia deaelop there maj he bilateral sciatica 
and even paraplegia maj supervene Long before this stage lias been re ichcd 
neurological and radiographic investigation should be undertaken 

Neurological investigation — The mass is seldom of sufficient size to 
obstruct the spmal canal completely In most cases therefore the cerebro 
spinal fluid below the level of lesion shows a normal pTessiue resfionse to 
jugular compression (Queckenstedt s test) chemical analysis shows no 
evidence of an extremely high protein level of xanthbehromm or of 
spontaneous clotting (symdrome of From) Nevertheless tliere is usiialh 
some stasis of fluid and if it is withdrawn from a low enough leiel the 
protein content is often found to be raised aboie the normal 20 to 30 m^ 
per cent A content of >0 to 100 mg is suggestive The protrusion may 
howeier be so far to the side of tlie spinal canal that there is no sta is of 
cerebro spmal fluid at all and a nonnal fluid does not tlieiefore exclude the 
possibility of retropulsion of a disc 

Radiographic investigation — Jfoufine A wy eva/rti/whOM ustnih sliousno 
abnormahty The fourth lumbar or luinbo sacral disc space is sometmics 
narroived and taken in conjunction with the clinical histon this ma\ lx* 
siiggestiie However the disc space may be reduced Ixicaii'ic the di>c h 
degenerated and not because it is displaced Specill radiograpliie e\aimim 
tion to vjsuab'se the whole Jumbo sacral sac is necessaii 

Air myelography — ^It may be possible to proie retropulsion of a disc 
and to estabbsh the level by air rayelognpliy ** llith the patient tung 
on his side on an X ray table which is tilted up 45° at the foot end a spinal 
puncture needle is mserted at the second lumbar interspace Spinal fluid 
and air are exchanged m 5 cc volumes until air returns from the needle 
As a rule about 30 c c of air are necessary to outline the lumbo caudal sac 
m adults Stereoscopic lateral and antero posterior radiograplis arc taken 
The patient is subsequently kept in the IVendeJenberg position for six Jiour? 
flat on the back for twelve hours and then gradualK elexatcd to the erect 
position over a period of forty -eight hours This procedure reduces the sc\ cro 
headache which otherwise develops The interpretation of t he films la u^t casi 
and it IS doubtful whether a negative result can be ntcepted ns concln^nt 
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Indications for hpiodol mydography^^ — The injection of iodised oils 
into the subarachnoid space is to be regarded as a dangerous procedure ” 
(Loyal Da\ is) Subaracimoid injections of iodised oil should be avoided, 
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at least until all other means of diagnosis ha\e been exhausted (American 
Council of Pharmaoj) The dangers of the irntant effect of Iipiodol are 
so serious that it should not be used until the diagnosis has been established 
on clinical grounds and a decision has been made to operate moreover the 
oil must be removed at operation If the history and clinical eiyna suggest the 
probability of retrojiuhion of a disc routine radiographic and clinical ezamtna 
lions hate excluded other causes the case has resisted consenahie treatment for 
more than six months and the symptoms hate recurretl after the temporary 
relief of three months ‘immobihsation tn plaster operable exploration ts 
indicated and the injection of Itjnodol may (ken be justifial as an immediate 
pre operatiie measure 

Lipiodol myelography^^ — ^Foiir cubic centimetres of warm oil are injected 
through a vide bore spmal puncture needle at the second or tliird lumbar 
interspace The patient should be screened at once A tilting X raj table 
IS essential and the spine is screened uith the patient Ijmg prone Large 
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masses of displaced disc material cause an almost complete obstniction to 
the flow of lipiodol ^\hich onij squeezes past drop bj drop (Tig <>04) 
Smaller masses give use to a localised fiUmg defect and the nerve root ulueh 
should be emerging at that level feds to fill (Fig ‘563} Since the ma<:s 
usually occupies one side of the canal md the hpiodol flous freeJj donri the 
other side lateral films seldom show any filling defect Sometimes a pro 
trusion maj be so small that even when screened in the antero posterior 
plane the filhng defect is seen onlj as the ml flou s towards or awaj from that 
level hke an island washed bj the tide it is the first to be imcovered and 
the last to be submerged 

Conservative treatment — It is possible to control the root pain assocnfed 
with small lesions by the continued protection of a plaster or celluloid jacket 
The protection must be contmued for many years or even permanentlj 

Operative treatment — ^The spmal canal is exposed bj remo\al of tlie 
lammse of the vertebrse above and below the affected disc It is possible 
to remove the displaced cartilage by an extra dural approach but if hpiodol 
has been used the dura should be opened for its removal Tiie projection 
into the spmal canal is aiwajs smaller than the filling defect shown m the 
radiographs Sometimes it seems disappomtmglj small but tlie rapid and 
complete rebef uhich follows excision proves that it has caused fnctioml 
neuntis though not necessarily compression neuritis The dura of tlie 
anterior wall is incised over the mass The displaced fragments of cartilage 
may pop out like loose bodies out of a knee jomt but more often tlicj require 
traction and dissection Fragments of tissue lookmg like rolled up wet 
blottmg paper are removed The sensory root emerging at the level of the 
lesion should usually beexcised* This causes little or no disability itrelieves 
post operative pam and it pre\ent8 recurrent BjTnptoms due to fibrosis and 
scarrmg The hpiodol is extracted by a suction apparatus and the incisions 
m the dura are closed with fine sutures The vcrtebr'c above and below 
should be fused by laymg a bone graft and bone chips subpenostenllj across 
the gap m the lammse The wound is closed and drained for twentj four 
hours There is sometimes retention of urme which may require eatlietcrisa 
tion for a few days In most eases recovery is complete witlim two or three 
montlis 

Hypertrophy o! ligamenta flava^* — Similar clinical svmptoms and signs 
and the radiographic evidence of a filling defect m the column of hpiodol, 
maj be due to fibrosis and hypertrophj of the hgamenta flava Tlie 
relationship of this pathological condition to displacement of the discs 
and to trauma m general is not yet knowm The condition no doubt 
explains some of the cases in which an mtervertebral disc was believed to 
be ruotured operation failed to disclose any displacement, and jet the 
laminectomj and removal of the ligament relieved the sjTnptom'- 
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CHAPTER XIX 


INJURIES OP THE PELVIS 

Fractures and dislocations of the pelvis maj be divided mto three groups 
(1) avulsion fractures due to muscular violence (2) fractures and dislocations 
of the pelvic ring due to crushing injuries and (3) injuries of the sacrum 
and coccyx 


AVULSION FRACTURES OP THE PELVIS 

Sudden and uncontrolled effort may detach any of the muscles ansing 
from the pelvis and avulse fragments of bone from the point of ongin The 
powerful long belhed muscles of the thigh are most commonly involved 

Anterior inUtiot iliac spine — reclM femon^ awUton — A boy is playing 
Rugby football his enthusiasm ts greater 
than his strength and he is determined to 
convert a try however difficult the angle 
and houeier distant the posts at the 
moment of kicking the ball there is a 
sharp pam m the groin the player falls 
to the ground and active flexion of the 
hjp IS found to be painful and hmited 
Radiographs show slight downuard dis 
placement of a fragment of bone from 
the anterior inferior ihac spine just above 
the margin of the acetabulum The bone 
has been avulsed bj the rectus femons 
muscle (Fig 5C5) This fracture is to be 
distinguished from the epiphyseal line of 
a separate ossicle of bone which may 
develop normally in this situation There 
IS no indication for operative suture 
Recumbency for a fen ireeks with the 
hip flexed to a comfortable position is 
the only treatment necessary 

Anterior supenor ibac spine — ^riomts 
atidsion — ^Forcible contraction of the sartonus muscle mai aiulse the bone 
of the anterior supenor iliac spine The frigment is slightlj displaced hut 
again there is no indication for operation The pam is relieved bv flexion of 
tl e hip Displacement may be imperfectly corrected but functional reco%cr\ 
IS complete within about two months 
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AvtiIs on of anterior nf nor 1 ao *p ne by 
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from thp h h awthiM~Tho hamstring muscles nnso 

from the tuberosity of the ischium and a bone fragment maj bo amlsed by 
sudden macular contraction especiaUy m youths whose epiphyses are not 
umted Fig 566 shows avulsion of the epiphysis of the 'tuber isehii 
su^amed by a track -runner dunng a hundred jards’ sprrat ■ The track 
surface was imperfect, and the injury was sustained at the moment that 
a shght hollow in the ground called for an increased and imeynected 
muscular effort There was complete recovery by conservative treatment, 
and the epiphysis umted firmly with considerable new hone formation 



Fro 

Amlaion of ischium, bjr hamstrings eostsioed bf a track runner 


ISOLATED INJURIES OF THE PELVIC RING 
The two innominate bones, by their articulation witb the sacrum 
posteriorly and with each other at the symphysis pubis, form an intact 
pelvic rmg If a fracture breaks the continuity of this ring at onij one 
level, gross displacement of the fragments cannot arise If there is a second 
injury to another part of the rmg, considerable displacement of the segment 
of bone separated by the two fractures may be seen Isolated injuries of the 
Ting include shght separation of the symphysis pubis, unilateral fracture 
of one or both pubic rami, fracture of the body of the ihum, and sublii'ca* 
tion of the sacro iliac joint (Figs 567-570) 

Fractures ol the puljic rami — The most common injurj is iinilatcnl 
fracture of one or both pubic rami Movement of the fragments is lunited 
and displacement is minimal Complete unmobilisation is therefore iin 
necessary The onlj treatment indicated is recurabenev for a few vecks 
Recoverj should be complete wuthm a period of from tuo to three months 
Isolated fractures of the ilmm and minor separations of the sjmphj'sis 
pubis also recover full^ without special treatmont The surgeon must, hou ei er, 

•Cohen Avulsion of Ischial Tuhermity {wMhrertew of tie tljree preilousl) rtiKirted ewes l»oof»lleU 
were track runnets) Jour Bont and Joint ^urs 1W7 xlx Il« 
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satisfy liimself that separation of the sjmphyBis pubis is m fact an isolated 
injurj If there is wide displacement of the pubic bones there is almost 
certainly a second mjurj in the sacra iliac region which may easilj be ower 
looked and w hich often accounts for persistent disability 

Sacro-iliac suWuxation is the oiil> isolated pelvic ring mjiirj which is of 
serious significance E\en minor displacements of this ]omt maj account 
for persistent pain and incapacity Tie mjury is to be recognised clinically 
b\ the localisation of pain the tenderness over the joint and tlie typical 
displacement The ihum is pushed slightly backwards and towarcU the 
midbne The posterior superior iliac spine is therefore more superficial 



Fic oD Fm 0 

IsolAted injur ps of the jiclv c r ng There is no niarketl d aplaceiacnt sn 1 no al 
freilmrat s jndicatcd 


than the corresponding bony prominence of the opposite side and it lies 
nearer to the spinous processes (Fig 5“I) Radiographs also show that this 
part of the ilium is unduly close to the midlino and that it overlaps the 
shadow' of the sacnim to on obnormal degree (Fig o82) 

The displacement is reduced in the same way that complete disruptions 
of the pelvis are reduced by rotating the ilium forwards (p *177) The 
patient lies on the normal side and pressure is applied over the front of the 
crest of the ilium The joint is immobilised m plaster for tlirce months 
Pain persisting indefinitely points to imperfect reduction to an unstable 
joint or to traumatic arthritis Sacro iliac arthrorlesis should be performed 
by the Smith Petersen technique* (Fig o72) 

Smith rrftrscs SAcru-il sc ArthrodnUforTraniMlieJtrOilUs'' Jour Bon^andjenl j le^t vUI llS 
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COMBINED INJURIES OP THE PELVIC RING 

Ihe pelvic nng is made up of the antenor pubic segments iihich are 
de\ eloped for the protection of the pelvic viscera and for the attachment of 
muscles and the postero lateral iliac segments u hich also serve tlie function 
of ueight beinng Combined fractures of the peine nng are of tuo tj’pes 
In the first type both fractures he m the pubic segments in the second 
one fracture is in the pubic segment and one m the m eight bearing ibac 
segment 

Combined injuries ol pubic segment ol pelvic ting — Poublc fractures of 
the pubic part of the pehis arc the result of lateral entsiung The victim 
ma> be standing sideuajs to a Mall and he is crushed bi a motor i elude 
uhich strikes tlie opposite side of the pelvis The injury inav be a bilateral 
fracture of both pubic rami or a unilateral fracture of botli rami uith 
separation of the sjmphvsis pubis (Figs o73 o~4} The detached fragment 




Comb tied niur es of the pub c segment of the pele c t ng produced b> hteral com 
press on of tno pelns There is only si "ht d 8ol»e«-«ient I at ents should bo nurse I 
on the r backs lDiic« rtttyo/ lent /our Su f fo (httivh mrt e lOl^ xx 1 > 

of bone is rehtivelj small Its displacement is litmted b^ the attachments 
of manj muscles and whatever tlie degree of displacement there is no 
shortening of either limb and no alteration in the alignment of weight bearing 
joints ^ a rule therefore it maj be ignored The patient i$ treated in 
reeumbencj for five or six weeks the lateral compression of tlie pehw 
should not be increased bj allowing the patient to he on one side 

Combined mjunes o! thac and pubic segments of pelvic nng — ^The com 
monest combined injurj causing complete disruption of the is a 

dislocation of the sjmphysis mth a dislocation of the sacro ihac joint 
Less frequently there is a dislocation of the symphysis with a fracture of 
the ilium near the sacro iliac joint or a fracture of both pubic rami with 
a dislocation of the sacro ihac joint (Figs o7o >“7) One half of the pelvic 
girdle is widely displaced carrying with it the lower hnib so that there is 
deformity and shortening 

Unlike the first tvpe of comlincd injury which is produced bv lateral 
compression of the pelvis these injuries are produced b\ antcro posterior 
compression The patient is standing with his back to the wall when ho 
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IS crashed bj a motor vehicle or he m I, mg on the w-idoa, and the vhecl 

are lesponsible The mechanism of mjmj is important became it gira 
the ciue to the technique of manipulative reduction ^ 





Combned injunes o£ the jnibc and iliac ac^enfs of the peJnc nnj produced by 
antero posterior compress on There may be screro d placement Pat ents shonl 1 be 
n ir«el on the r « dM (Bj eoa e fof B l Jo So s / om W n As »n I ) 

Mechanism of displacement in dislocation o! the pelvis — Hadio^nphic 
examination shoits obvioiis separation of the tuo pubic bones but \erv 
shght displacement of the sacro iliac joint vludi inaj even be o^crloohetl 
altogether Only careful examination shows that the ilium overlaps the 
back of the sacrum more than on the normal side and that the iliac joint 
surface is shghtlj iugher than the •sacral joint surface Similnrl\ on clinical 
examination it maa almost be possible to put a fist betniien tlie di placed 
pubic bones and jet there is> onlj a trace of undue proininenco of tlic 
posterior superior iliac spine Tins is because the displaced innomimto 
bone i3 rotated round a longitudinal axis near the sacro iliac joint The 
dislocated half of the pelvis is swung outwards and onU sccondnnlj in 
the more se\ere cases is it displaced upwards into the loin This outuarti 
rotation is clearlj shown m radiographs bj the outwardly rotated position 
of the femur bj the unusual prommence of the ischial spine and bj the 
disappearance of the obturator foramen (Tig 6S2) It is a di^splaccment 
which is maintained b\ the weight of the limb 
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Many types of treatment have becai devised to correct the displacement. 
Traction has been appbed to one or both hmbs, skeletal traction has been 
used, well leg traction has been employed,* pelvic slmgs and girdles have 
been devised,^* operative wiring has been performed^ and a formidable 
operation has been suggested to expose both obturator foramina and force 
the two halves of the pelvis together by tightening a “ grab hook ” fixed 
on to the bones In all these procedures the patient has been treated lJ^ng 
on his back 

The key to successful reduction is the position of lateral recumbency. 
The dislocated pelvis is like a partly opened bivalve shell when laid on the 
hinge at the back, gravity keeps the two halves apart , but when laid on 
one side the two halves close Similarly, witli the dislocated pelvis, if the 
patient lies on one side the two halves of the pelvis fall together 


TREATMENT OF DISRUPTION OF THE PELVIS 

Watson-Jones postural reduction* — Slight separations of the sjTnphjais 
pubis with subluxation of the sacro iliac joint may be reduced without 
anesthesia if there is gross displacement spinal or general anesthesia 
should be used A plaster table or any form of pelvic rest is used with 
the perineal post removed The patient is placed on his uninjured side 
uith the ilium and trochanter lying on the pelvic rest and the two lower 
limbs held one above the other by an assistant In many cases the dis- 
location is already reduced bj the time the patient is in tins position If 
the pubic bones are not perfectly approximated and the posterior superior 
spine of the ilium is still unduly prominent, pressure is applied over the 
crest of the dislocated ibum pushing and rotating it downwards and 
forwards towards the normal half of the pelvis (Figs 578-580) Accuracy 
of reduction should be confirmed by taking radiographs before the plaster 
is applied If necessary the patient way he laid on the injured side so 
that lateral compression is increased by the addition of body weight 

The iliac crests are protected with adhesive felt and a double plaster 
spica is applied The spica must be closely moulded to the pelns and 
lumbar region The pelvic rest is then cut out, padding is inserted and the 
gap in the plaster is repaired A post reduction radiograph is taken through 
the piaster (Figs 5S2 583) Throughout the period of recumbency the 
patient is encouraged to he on one side After four or five weeks the 
plaster may become loose, and a new spica is then apphed, again in lateral 
recumbency Immobilisation is continued for three months Throughout 
this tune regular exercises are practised toprevcntstiffemng of the knee joints 
and to maintain the tone of the quadneeps muscles 

Treatment of fractare-dislocation of pelvis — ^The same routine may be 
adopted when instead of a dislocation of both joints there is a dislocation of one 
and a fracture near the other In these cases the fragments do not alwaj-s 
Jock m the reduced position with the secuntj and accuracy which is observed 

* nroomhfftil "Sacro-tliac Dbfoc»tfon EfdocMl b> HokesTrtrtion'' Proe /“ov Sae I933*x\H.6"« 

'iSSDrr TIic Tn'stznpQt of Irsrtum 4Ut m Bristol 1!^ ISS 

■Conway • Iracturts ot the PcUls Jmer Jepr Surt IftJi 60 

* Bueisl 'Luxationaot the Innomlnatum Jciir4»CMr lOV xlit iS6 

•^otniuer Traumatic 1 upftire of ^jcnph}»{« Brant Bitt t Bt n Chit 193' clxr, 60* 

* V\at«oi> Jonra l)l»IoralioDa and Iracturo dUonUcsisoftlielVIvla lint Jmr bur^t.lOJS sxt, 7*3 
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m combined dislocations The fragments are more mobile and over 
reduction is possible so tliat the pubic bones override 

Continuous traction after reduction by lateral recumbency — In addition 
to rotatory displacement there is sometimes upward displacement of the 
innominate bone into the lorn While the patient lies lu lateral recumbencj 
this IS reduced bj thrusting downwards on the crest of the ilium a plaster 
spica IS then applied and continuous traction maj also be used Tlie hmb 
on the dislocated side is supported in. a Thomas spimt mcorjiorated m the 
plaster after cutting off the ring eitlier skin traction or skeletal traction 
from the head of the tibia is used the foot of the bed bemg raised on blocks 
Treatment of dislocation of pelvis with rupture of bladder ^ — ^If disruption 
of the pelvis is complicated bj extra peritoneal or intra peritoneal rupture 
of the bladder the co operation of a urological surgeon must be sought 
Immediate operation is necessary and the bladder and prevesical space are 
dramed Leakage of urine is controlled by a tied in suprapubic catheter 
and suction apparatus or by a Hamilton Irving box with rubber tubes 
leading to a receptacle For the first few days a pelvic shng supported by 
weights over an overhead beam may be used to prevent lateral spreading 
of the pelvis but after that time 
the dislocation should be reduced 
by lateral recumbencj and im 
mobihsed m plaster (Figs 584 
"iSS) The injury to the bladder 
the prevesical tissues and the 
pubis is one plane of rupture 
through the tissues of the mid 
line and the two halves of the 
bladder wall remain attached to 
the corresponding halves of the 
pelvis Infection in the prevesical 
tissues may increase the fixation 
of the bladder wall to the bone 
If the pubic bones remam m their 
dislocated position all the soft 
tissues of the front of the pelvic 
cavity are held apart (Fig o81) "Moreover every tune tlic patient is turned 
the pelvic bones are pushed together and then forced apart and sutures 
in the bladder wall may tear through It is clear therefore that reduction 
of the pelvic dislocation assists in approximating the rupture of soft tissues 
and that immobilisation of the pelvis promotes repair of the visceral injury 
Leakage from the cystotomy wound is controlled durmg application of the 
plaster by a ’Malecot or de Perzar catheter A generous w indow is cut in the 
midlme to expose the abdominal wound and to allow a Hamilton Irving 
box to be fixed in position 

Treatment of dislocation of pelvis with rupture of urethra — Reduction 
and immobilisation of the pelvic bone injury may also assist the urological 
surgeon with his treatment of an injury to the urethra In some cases it Im» 
proved quite impossible to pass a catheter through the urethra into the bladder 
while the pelvis was dislocated whereas os soon as the dislocation was 

W-\VeIey "Fractores of Telvla Aaalftli of 100 Cam Srt 



D stocftfioa of the pcivis v th nipCure of the bUdder 
The two halTes of the bladder are held apart by the 
two halves of the pelvn and there is 'no satisfactory 
approximat oa ant 1 the dislocat on is reduced 
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Duloc^tton of the left side of the pcirjs The rotation of the ilium is shown m the d splsccment 
of the left ajmphjsla away from the nudline the prominence of the iscfiial spine the dis 
appearance of the obturator foramen and the abnormal OTcrlap of disc and sacral si adoMD. 
The arrow points to the tower margin of the sacral articulir surface 
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Djslocfttjon of the light eide of the pciris «itb niptnre of the bladder The arrows point 
to the lower margin of the sacral joint surface on each side 
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case as Fig 634 Rad ograph through plaster taken in operating theatre u ith portable 
unit A de Iczrar catheter « prerentrng iMkage from the bladder Although it w three 
weeks since injury the dislocation is reduced 1 (aster was retained for three months an 1 
despite continued bladder drainage preyesical inf ction and osteomseltis of the pubs 
t here s as no serious musing difficulty 
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reduced by laymg the patient on one aide, a catheter ivns passed -nithoat 
difficulty The replacement of the bones has replaced the soft tissues and 
kinking and distortion of the urethra has been relieved ’ 


DUTJMES OF THE SACRTJM AND COCCYX 

Fracture o! the sacrum — ^Extensive crushing injunes of the pelm are 
sometimes accompanied by fractures of the sacnim Isolated fractures are 
rare, and the mjury is usually a crack fracture without displacement uhich 
recovers rapidly and completely Occasionally the lower half of the sacrum 
is displaced forwards mto the pelvic cavity, and there may be injurj to t!ie 
distal sacral nerves with saddle amesthesia of the gluteal regions and in- 
continence An attempt should be made to replace the bone by manipulation 
with one finger in the rectum 

Fracture of the coccyx — A fall m the sitting position may cause a 
contusion, a fracture, or a dislocation of the coccyx If the distal fragment 
IS completely separated it is pulled forwards by the ano coccygeal and 
levator am muscles The injury alway'S causes considerable pam winch 
maj’ persist for several months There is difficulty m sitting and the onh 
eoEofortable positions are standing and lynng No special treatment is 
necessary except to mmimiso pam by protecting the bone from further 
injury It is wise to warn the patient at the beginning that the injury is 
like any other fracture m that its repair may occupy weeks and sometunes 
months, and that even if some pam should persist so long, it is still of 
no senous sigmficance and it is no more than has been expected If this 
IS done the patient usually accepts the position functional disorders do 
not arise, and recovery is quite complete within tliree or four months On 
the other hand, the patient who is told that the injury is trivial and whoso 
complaint of persistent pam is ignored, becomes anxious, fears complications 
and may develop superimposed functional disorders 

Operahie treatment — The slowness of repair is accounted for by the pull 
of many muscles inserted into the coccyx , they strain the line of injury 
every time the patient moves, sits or defecates For the same reason pam 
sometimes persists mdefimtely These symptoms are relieved when the 
coccyx is excised If the operation is done with care, the whole coccyx 
removed and the stump of the sacnim rounded the results are entirely 
satisfactory The functional and psy chological aspect of eoccydinia has 
been exaggerated The rictuns of this disorder exhibit few or none of the 
usual manifestations of functional disturbances and if their complaint of 
pam is accepted and treated as it should be their recoiery is usually quite 
complete 
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INJURIES OP THE CHEST 

Children and adolescents seldom sustain fractures of the ribs, but the 
incidence of the injury increases with advancing years as the chest -wall 
becomes more rigid It must be recognised that the raritj of nb 
fracture in children is due to the elasticity and fiexibihtj of the chest 
nail and that this is a factor nbich tends to increase the nsk of visceral 
injury The degree of internal injury cannot be judged bj the injury to 
the chest wall Similarly in adults it is fallacious to assume that a trivial 
nb fracture cannot be associated with more than a trivial lung injury 

FRACTURES OP THE RIBS 

Mechanism o! injury — ^A durect blow due to a fall against the edge of a 
table or the side of a bath may produce a crack fracture of the exposed parts 
of the nbs in front of the midaxiUary line Crushing injuries seldom fracture 
the nbs at the site of violence Bloro commonly the nbs give way at the 
point of maximum convexity m the region of the costal angle The first 
and second nbs are often protected by the clavicle and the eleventh and 
tvvelfth ribs usually escape In more severe cases houexer the uhole 
thoracic frametiork is crushed several nbs maj shon double fractures 
and there maj also be fractures of the clavicle and of the lumbar transverse 
processes Rib fractures have been reported from simple muscular strain ^ * 
Violent sneezing and coughing niaj bo responsible especiallj m severe 
tracheitis and in whooping cough The injury sometimes occurs from tho 
muscular effort of lifting heavy loads from the strains of childbirth and even 
from the exertions of golf 

Symptoms — There is pain at the site of injury, tenderness on pressure 
and pain on antero posterior compression of the diest Respiratory move 
ments are short and shallow Patients are usually more comfortable u hen 
sitting than when lying The intercostal tissues provide a considerable 
degree of natural iinmobihsation and union is rapid Callus forms withm 
ten or twelve days There may not be radiographic evidence of consohda 
tion of the fracture until sev eral months after injury but functional reco\ cry 
IS usually complete within a month or six weeks 

Treatment — During the first week or two aggravation of pam by rc 
spiratory movement may be relieved by strapping Long strips of stripping 

'VAlfrcr VractureA of llll>9 (trn r&scsdue toco shlog) andSurt Jemr IS"! rxcf 494 
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extending across the midlme both m front and behind are apphed while 
the chest is heid m the position of expiration The upper ribs ma\ be 
supported by strapping from the region of the nipple over the clavicle to 
the lower angle of the scapula If the pam is still unreheved the chest 
should be completely encircled so that respiratory movement is almost 
confined to the diaphragmatic and abdonunal muscles 

Novocaine injection for fraetures of the ribs— During the hst few years 
success has been claimed for the treatment of fractured ribs bj novocaine 
injection Pam is reheved and strappmg of the chest is unnecessan This 
freedom from symptoms maj be attributable to the relief of muscle spasm 
or it is explamed by the theory of Leriche (p 362) The point of maximum 
tenderness is localised and the overly mg skin is anaestJietised A w iclcr bored 
needle is then shd along the surface of the rib until the fracture is felt 
From 5 to 10 0 c of 1 per cent novocaine is mjected into the fnetum 
hgematoma and the surrounding muscles The same procedure is repeated 
at other fracture levels 

‘ Stove-in” chest — A severe crushing blow maj fracture several adjacent 
ribs anteriorly and posteriorly so that a segment of the chest wall is com 
pletelj separated Paradoxical respiration occurs as the chest expands 
m mspiration the floating part retracts with expiration it expands If a 
large part of the chest u all is miolved atr cannot enter the hmgorheexpehed 
Light sandbags or a tight dressmg should be apphed It is sometimes 
necessary to use an artificial respirator 

SUPPING RIB 

Recurring luxation of a costo chondral jomt causes pain which is often 
attributed to neuritis pleurisj angina coronary thrombosis cholecvstitis 
or kidnej disease and sometimes to neurasthenia or malingering ^ * There 
is often a history of injury followed by persistent pain which is seiere and 
frequently radiatmg The pam is aggravated bj abducting the arm plaj mg 
golf or lifting weights There is local swelling and tenderness oaer the costo 
chondral junction the rib or cartilage may be unduly prominent and appear 
to be subluxated and recurrent subluxation inaj be proa ed bj tlie clicking 
sensation which accompames deep respiration movement of tlie trunk or 
movement of the arm The symptoms are sometimes relieved bv novocaine 
injection or by strappmg the chest* Manipulative treatment has Icen 
credited with dramatic results * If symptoms persist it is wise to cut i own 
on the joint and excise the costal cartilage or the end of the rib 


FRACTURES OF THE STERNUM 

Fractures of the sternum accompanj severe “f 

the thoracic spme but in these cases the injttrj is iisiialli fatal 
fracture of the sternum is rare but it maj occur in motor accutents 
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particularly from the impact of the steenng column against the front of 
the driver s chest ' ” The junction of the mobile body of the sternum Mutli 
the relatively fixed manubrium stemi is the usual site of mjun and there 
IS backward displacement of the body sometimes uith overriding of 
the fragments Lateral and oblique radiographs taken in the po&ition of 
inspiration show the injury (Fig 586) 

The spine should be hyperextended by 
pillows beneath the upper dorsal spine 
or if necessary by a hyperextended 
frame or plaster jacket Union is firm 
in six weeks Rupture of the internal 
mammary arterv with hiemothorax has 
been described as a comphcation 

FRACTURES OF THE HYOID BONE 
AND THYROID CARTILAGE 

Compression fractures of the thv 
roid cartilage and hyoid bone are 
fortunately rare for the mortalitv 
may bo as high as 75 per cent ® ^ The 
thyroid cartilage is crushed against 
the vertebral column by a blow or it 
IS compressed laterally m hanging and 
strangling The injury usually occurs 
m adult men It is \erv rare in 
women nhose larvngeal cartilages 
seldom ossify The greatest danger 
is from cedema of the larynx A 
tracheotomy set must be available for instant use during the first ten 
days Excessue sah\at!on causing painful swallowing should be controlled 
with atropine Talking is forbidden and nasal feeding may he used 



Fracture of the sternum at the junction of the 
nunubnum with the body ch ii displaced 
bae)L wards 


VISCERAL COMPLICATIONS OF CHEST INJURY 

Crushing injuries of the chest cause (1) traumatic aiphtxia (2) 
pneumothorax due to laceration of the lung and bronchi or a punctured 
wound of the chest wall (3) haemotJiorax due to laceration of the hmg 
or rupture of the mtrathoracic systemic vessels (4) mtrapencardial 
hajinorrhage (o) rupture of the diaphragm and diaphragmatic hernia 
Traumatic asphyxia — Compression of the chest due to a cni^'limg injury 
may force blood back from the heart and mtrathoracic •veins into tlie 
innominate internal jugular and external jugular veins Tliesc vessels are 
not protected by functioning valves Tlie smaller veins uid venules are 
therefore distended and blood may also be extravasated into the tissues 
of the head neck and upjier chest thus causing temjwrarv lo s of conscious 

* W stuck Fractures ot tl p Sternum Atner Jour Sw 1933 xxli "tw and 1937 xxiUil SCO 
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ness bleeding irom the nose and ears subconjunetivil h'emorrli'ige 
pigmentation of the skin and often pulinonar;^ congestion n ith radiographic 
appearances resembling miliary tuberculosis The skin pigmentation is 
brick red in colour On mg to its distnbution m the face and neck gradually 
fading out over the upper chest it was described by Olhvier as the masque 
ecchvmotique The blood is driven into the tissues b\ relatively low 
intravenous pressure and extravasation mto the skin is therefore prevented 
by any external support such as the pressure of braces collar or ei en a collar 
stud On tlie other hand m the loose subconjunctn al tissues u here resistance 
is least extravasation is most pronounced 

Traumatic asphyxia may follou orusliing of the chest due to panic in a 
croud Six cases uere admitted to the Bellevue Hospital New \ork after 



Fiq 5S8 

Traumatic asphy'iia There is do blanching under the prcssuro of 
a glass spatula thus suggest Dg that the discoloration is not due 
to 8 mple venous congest on (but see footnote 


the cry of fire had been falsely raised in a neighbouring cinema The 
patient illustrated in Figs o87 588 was an airman tv ho vas pinned under 
the frameiiork of an overturned 30 cut lorry the weight being across the 
upper abdomen and lotver chest® He was released withm tuo minutes 
He recalls a sensation of pressure across the- abdomen spreading up is 
if the blood uas being forced to his bead He then lost consciousness 
Ten mmutes later when being lifted into the ambulance he regained 
consciousness but complained of blurred vision as if looking through a 
mist His friend noticed that he uas breathing lieavily and slovh and 
that his chest a as red and his face turning purple hen examined shortly 
afterwards there was bleeding from both cars with hamiorrhage on tho 


' hihep gmenlal m duetoeiiarmalonnflfciodvrittimtiroiitMonl Tbcevil nit on f>f tl »* iVJn dlioolonflon 
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ul ere external supi'ort U n nlm»t UorcD»cr.(f»e »l‘=c»icetif bhneWwt d r tl e ire*.* reof a slv siatuln 
uoiild suggest list piementsfion of tJ c *Hn is al o doo t exfia asationillc Hut ffyeooJoi rw tery 
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Kta s siMtnla test is not to elu l*c of exlM asat on lie llood n tel t l>e tripped la neoMv dUited irnnle* 
*0 tliat It eaunot be dlsper^d Iv exten it jtc* uie altio eta U I* not In nom al elreulit on it can pain a 
feeble supply ofoxyc n tt us explilti ng Uei ri ktcdnthertl TOd«er II eeoiour andtleal'ienreprjollow 
t lu and eixen I e entatfon due to (I breoLdoun of iMooitoliB tf s c Ib-toeytes This t* confim e<i 
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drums and subconjunctival hTmorrh-ige -nitlj e\op}it]nInios and cedcma 
of the hds Blurring of vision persisted for tliree hours Tuo ribs had been 
fractuied and pulmonars cedeina and congestion dei eloped The shin 
pigmentation gradually faded but uithout going tlirough the usual colour 
changes of a bruise it uas normal ujtlim three ueeks The conjunctnv 
still shoved staining after tvo months Pecoverx vas complete vith no 
loss of hearing or Msion 

Open pneumothorax'^ — A. large nound of the chest vail allovs coin 
munication betveen the pleural space and the atmosphere dcstroi-s tie 
pleural negatue pressure and causes collapse of the lung and anoximn 
But tins IS not tlie most «!eiiOHS effect of an open pneimiothora\ The greatest 
danger arises from pendulum action of the mediastinum vhich is sucketl 
to and fro vith eien respiraton effort The nght side of the heart does 
not fill normalh and a patient vitli a la^e sucking vound cannot sur\i\e 
long As a first aid measure the lung should be grasped vith an\ suitihle 
instrument and retracted mto the wound of the thoracic vail so tliat the 
penduhmi avmg of the mediastinum is controlled Subsequent treatment is 
discussed on p 2'’o 

Tension pneumothorax — If a wound of the chest vall or of the lung is 
valvular so that air enters the pleural cavity on inspiration but eaimot Ik* 
expelled daring expiration a tension pneumothorax develops There i^ 
increasing mtrapleural pressure displacement of the heart and mediaatiml 
stnietures to the opposite side and pressure on the right «Kle of the heart 
and great veins with increasing d\'spncca and cjanosis These are urgent 
indications for aspiration of air from the pleural caviti A short vide bore 
needle is inserted through the second intercostal space 2 in from the margin 
of the sternum and connected to a tube which parses under sterile vater 
m a bottle belov the lea el of the bed thus allowing escape of air but pn? 
aenting its re entrj The needle and tube are left in position until air no 
longer bubbles through tlie fluid shoving that the communication lietvccn 
pleura and lung is closed 

Subcutaneous and mediastinal emphysema — ^A tension pneumothorax 
may cause subcutaneous emphjsema due to the mechanical effect ofmuscuhr 
activity forcing air through a tear m the parietal pleura Tlie empln'^nn 
maj extend as far as the scrotum and upper thigJjs "Mediastinal emph^ soma 
IS due to a tension pneumothorax with rupture of the mediastinal pleura or 
it Is due to rupture of a pninarj bronchus or the tracliea Ait is forced 
into the mediastinum and empln’seina spreads to tlie upper chest neck 
and face 

Hsetnotborax — Hanuothorax iiiaj he due to laceration of the lung or 
rupture of the intercostal or mamman ves els In the pulmonan arteries 
the blood pressure is no more than a quarter the prc'^siire of the sjsteinic 
circulation so that spontaneous arrest of li'einorrhuge is much more like i 
to occur after laceration of the lung tlian after laceration of sa stcmic arteries 
The lexel of blood in the pleural cavit\ must le closeh oldened It 
it does not rise above the nipple line there is no serious cmhirmssinen 
but if despite conser\atne treatment bleeding perse ts it is prolm fc n 
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the internal mammary or one of the intercostal \essels is torn and operatue 
mtenention is necessary In non progressive hsemothorax the blood should 
be aspirated after three or four dajs in order to prevent mfection It should 
be removed slowh , and be replac^ bv an equal quantity of air m order to 
prevent sudden re inflation of tlie lung with recurrent liiemorrhage 

Hsemoptysis after fracture of the nbs and crushing mjury of the chest is 
usually due to rupture of small pulinonarj vessels by the contusion It does 
not necessarily indicate penetration of the hmg by rib fragments 

Empyema — ^\Vhen mjury of the lung is associated with pleural effusion 
and hcemothorax there is usually a febrile reaction for several days, and a 
temperature of 100° or 101° F does not necessarily mean that there is an 
empyema The effusion should be aspirated on alternate days Open 
drainage is not indicated unless the aspirated fluid becomes frankly purulent 
Wounds of the heart ^ causing effusion of blood mto the pcncardiura, 
rising intrapericardial pressure and “ cardiac tamponage ” may be 
recognised by the three classical signs (1) muffling of heart soimds , (2) 
falling blood pressure (3) ming venous pressure If the intrapericardial 
pressure exceeds 200 mm there is cardiac embarrassment and increasing 
pressure causes death The pericardium should be exposed to the left of 
the sternum between the thiM and fourth costal cartilages , the pleura is 
retracted, the pericardium opened and the wound sutured 

*Il A. Qitivold and C H Uajulrc reoetratms wouoda of the H^art and Pericardium Sura Gyn Otit, 
mz Isstv 40d 



CHAPTER XXI 

FACIO-MAXILLARY INJURIES 


Recent progress m the treatment of facto maxtUarj mjunes has been aclueved 
by CO operation and team work, and by application of the prmeiples of 
orthopaedic surgery, the technique of plastic surgerj' and the mechanics of 
dental surgery * ^ Co operation between specialists is particularly important 
m time of war when simple fractures due to blows, and falls are relativelv 
infrequent, and the majorit} of facio maxillary injuries are the result of 
bomb or shell explosion collapse of buildmgs, colhsion of motor c\ cles and 
crash of aircraft 


EMERGENCY TREATMENT OP FACIAL WOUNDS AND FRACTURES 


The reconstructive treatment of deformity and disfigurement of the face 
IS the responsibility of the skilled plastic surgeon and his team but eaery 
oasualtj surgeon must be prepared to undertake the emergency treatment 
of facial wounds and fractures 

Excision of wounds — The whole face should be waslied and grease or 
oil removed with ether and ether soap Hair may be cut short, but it 
should not be shaved from the ejebrows or hairlme of the scalp where it 
serves as a guide for the accurate apposition of skin flaps Pigmentation 
of sears must he prevented by cleanmg the injured tissues thoroughh with 
soap and water ba scrubbing ingrained dirt with a tooth brush and when 
necessarj by excismg tatooed tissues with a scalpel or sharp curette The 
technique of operation is eimdar to the excision of wounds in other regions 
(Chapter X) except that the face and jaws are so freelv supplied witli blood, 
the resistance to mfection so bigJi and tJie risk of gas gangrene so negligible 
that the operation is much less* radical Ver\ hght tnmmuig of the skm 
raargm is all that is needed , flaps wbicli are almost completely detached 
are often viable , excision of soft tissues should be limited , bone fragments 
whicli have the shghtest chance of surviial are not removed Hviuostasis 
IS secured by Spencer Wells’ forceps and torsion, the linger icssels being 
ligatured with flne catgut The wound is lightly jxiwdered with 
sulphanilamide 

Suture of skin — ^In view of the free blood siippli and the Jngh rcsi'.tancc 
to infection, suture of the skin is advisable when the operation is perfomicd 
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•mthin twehehoiirs of injurj Care must be tiken to secure exact apposition 
of skm flaps and to minimise the disfigurement of suture marks Very 
fine maternl should be used such as ophthalmic silkuorm gut kaldermic 
or njlon sutures mounted on eyeless ne^es The needle should be inserted 
close to the skm margm The sutures must not be tied tightlj The Avoimd 
IS drained by means of a few strands of silkuorra gut twisted together, 
inserted between stitches and removed after twentj four hours Alternate 
stitches are removed on the third daj and the remainder on the fourth or 
fifth day It may be safe to suture the skm even up to twentj four hours 
after mjury but if there is tension on the flaps or a probabihtj of infection, 
it is better to leave the vound bghtly packed open with gauze Secondary 
suture maj he performed witlun a few days and even when this is not 
possible and the wound heals hy granulation the resultmg scar is less 
conspicuous than that which follows infection of a sutured wound Moreover, 
it can be excised and sutured at a later date w hereas the disfiguring marks 
of badlj placed sutures which have cut tlirough the tissues are much more 
difficult to remove 

Full thickness loss of skin — In penetrating wounds of the face wnth 
destruction of bone and full thickness loss of the cheek the mucous membrane 
of the buccal surface should be sutured to the skin edges In this ^vaj the 
fractured surface is covered bone and soft tissues which would otherwise 
be exposed are protected from infection and secondarj deformitj is mim 
mised Wien infection is controlled the soft tissues are reconstructed by 
plastic repair and the defect in the bone is made good bj grafting 

Extraction of teeth — The decision whether or not to extrict teeth which 
he m the hne of a fracture of the jaw ‘ * must be based on three considera 
tions (1) occlusion of teeth is a rehable test of accurate reduction of a 
fracture and even when it is necessary to extract tectli their occlusion 
should be tested first (2) fixation of teeth is used for the attachment of 
wires and spUnts in the immobilisation of fractures and no tooth should be 
extracted unnecessarily w-hen a single tooth remains on one fragment it 
must be retained as long as it is of value for immobilisation (3) infection 
causes sequestration of teeth m the line of a fracture with persistent infection 
and delaj ed union the tooth roust be removed sooner or later In general, 
therefore it is wise to be conservative m the extraction of teeth m simple 
fractures but to remove all loose and mfected teeth m compound eommmuted 
fractures 

Immobilisation of iniured tissues — Immobilisation not onlj promotes the 
union of fractures but alsO assists the healing of soft tissues prevents the 
spread of mfection and controls the development of deformity ^\hlIe 
the surgeon is engaged m excising and sutunng the wound and reducing 
the displacement of fragments the dental smgeon takes impressions of tho 
teeth and subsequently prepares fits and adjusts the sptmts If skilled 
dental assistance is not available three simple methods of immobihsmg tho 
jaw mav be used (1) the patients dentures may I>e put in position wath 
the jaw strongly supported by means of a firm bandage (2) the lower 
denture nnv be fix<^i to the mandible by circumferential wmng, (3) the 
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teeth ui the upper and loirer jaws be ligatured to each other ha inter 
dental wirmg In bandaging the jaw it is important to secure lertical 
support and to avoid the backward pull of a four tailed bandage uhjch 19 
liable to cause receding of tlie jaw and mal union of fractures 

Preventing infection— Throughout the period of immobili^iation special 
attention must be paid to tlie control of infection of tJie mouth Rigid 
toilet of the teeth and antiseptic irrigation of the mouth is nece‘!'«ir\ (Ei*’ 
589) A fluid or soft diet is prescribed * 

FRACTURES OF THE MANDIBLE 

If the jaw IS struck while the teeth are clenched the mandible ijsualJv 
escapes fracture because the force is transmitted directly to the skull and to 
the powerful muscles of the neck but if the jaw is m the normal position 
of rest and the teeth arc shghtlj apart 
similar violence is hi ely to fracture the 
hone A blow on the pomt of the dim 
ma} cause bilateral fractures of the con 
dj les if it is sufEcienth forcible it al 0 
splits the bod\ of the mandible near the 
sjTiiphvsis (Fig o93) Blows on the lateral 
aspect of the jaw tend to fracture tlie bono 
at the site of impact and near the canine 
region on tlie opposite side (Fig 0 0 
Fractures of the angle of the jaw (Tig 
591) the ascending ramus and the corn 
noid process occur less frequently ' 

Displacement of mandibular fractures— 
The fragments of a fractured jaw may lie 
displaced by the initial Molencc and dc 
fonmty is increased by muscle trvction 
Muscles attached to the bod\ of the hone 
pull doimwards whereas muscles attached to the ramus pull upwards In n 
bilateral fracture of the boda of the mandible the chm fragment is therefon 
depressed in a unilateral fracture near the jjosterior part of the l>oth tJic 
posterior fragment is rotated upwards 

Climcal features — There is local swelhng bruising and deformity often 
with dribbling of blood stamed saliva from the open mouth fetor of breath 
and difficiilty m articulation and swallowing Aii'csthesia of half the lower 
hp pomts to a fracture crossing the inferior alveolar canal helmul the mental 
foramen Movement of the jaw is restricted there may be deviation to 
one side irregulanty of the teeth and inaccurate occlusion with the teeth 
of the upper jaw Bruising of the mucosa of the cheek gums and fltor of 
the mouth mdicates a fracture of the body In tlie edentulous mandiblt 
displaced fractures of the bod\ are usually compound into the nioutli 
Bruising of the tonsillar pillars of the lower part of the soft palate and of 
the lateral pharyoigeal wall point to a severe fracture of the vertical jHirtion 
of the bone The diagnosis is confirmed b\ radiographic c\aminittoii which 
should include tliree standard views — postero anterior skull right latcml 
mandible and left lateral mandible Additional projections which nla^ be 
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\\ficn there are teeth in both fragments a ftaejure maj be immobihW bj mtenlcntal or arch 
iTinng orstiti better bj cap splints t\hen the jan wedentufcius Gnnninp a sptint, circutnfin ntiii 
'I inng or the two pin ephnt la uscil 
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of 1 alue melude lateral yiewa of the temporo mandibular joint u ith the month 
■““* ooclnsal views and the 30” ohhqim 

View or Stenver s projection 

Methods ot immobUisahon-^The mandible nm he immobilised (1) 
iihen teeth are present hi mtertlental waring or cap sphnts (2) iilim 
the jaws are edentnlons ba tho patients dentures Guyings p int or 
(rig“'o90) ttansiv, on splint 


Interdental wiring— Von-oonosive steel ligature wire should be used t 

) m length is doubled round 
the closed points of hsomost'M 
forceps and tivisted to form a 
snnll central elet Jlotli ends 
of the Mire are passed through 
the dental mterspnee selected 
leaving the o\ elet on tlie 
JilwiJ side The tuo ends are 
then brought hick flirmigh 
the ne\t mtcrfap'icc5 on each 
side and tnisted tiglith to 
gether below tlie e\elet in the 
upper js^v and aboae the 
ejelct m the lover jav 
^aeral pairs of ligatures are 
f)\ed in the upper and lover 
ja\v8 directly opposite to each other or m oblique relationship so that 
wjien the^ are wired togetJier an oblique puU viU bo secured When 
all ligatures are m position the fracture is leduced b\ maiupulation 
each opposing pau of e3elets is. then secured b^ passing virc through 
the loops and tvistuig it 
tightly (Fig i91) Tightening 
and adjustment of these con 
necting ligatures maa be re 
quired from time to time this 
being done without inoaing 
the evelets themselves The 
V ires should be protected 
from breaking bi the ad 
ditional support of a firm jaoi 
bandage 

Arch- wire method — The 
technique of mterdental -wiring 
has been facilitated and im 
pro\ ed b\ the introduction of 
arch wires These are curved metal rods which can be fixed accurnlcli to 
the teeth of the upper and lower jaws means of dental wiring TIica 
are placed on the buccal side of the teeth near the necks and arc fitted 
with studs h\ which the two arcli wires can be secured to cacli other 
with simple wires or elastic bands Stouts method h illu-^tritcd m 
Fig 590 
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Cap splinting — Interdental wiring and arch wiring ire useful emergency 
measures and wlien there is a good Gomplement of teeth and little tendency 
to displacement they maj suffice for the •« hole treatment But these methods 
fail when there is marked tendency to displacement The fixation is not 
sufficiently stable constant readjustment and tightening is necessary and 
the wires are liable to break "Nlore reliable fixation can be secured mth 
the aid of a skilled dental suigeon by cap sphnts made of cast metal or 
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B lateral fractures of the condyles and fracture of the syxnpi ys s tmmob [ sed 
bv cap splml 


acrylic resin (vulcanite substitute) The splints are specially constructed 
to phster cists of the teeth and are cemented to tliem Thet gne 
positive and stable immobilisation With the mcorporation of lookmg 
devices flinges and hooks many of the problems which arc difficult of 
solution with wiring methods are easily overcome Splints applied to the 
upper and lower jaw may be fixed to each other by a simple lock pm (Fig 
502) When properly applied the sphnts do not harm the teeth or gums 
They are applicable to all except edentulous cases 

Dentures Gunning’s splint and circamlerential wiring — In edentulous 
cases it may suffice to fit ti c patients dentures and add the fixation of a 
firm jaw bandage Alternatively tlic sm-geon may u«;o Gumnngs splint 
which IS an upper and lower denture joined together by vulcanite blocks 

44 A 
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or metal rods to form one piece But th^e methods are not alivara successful 
m preventmg redisplacement, and if the fracture mutes uith deformity it 
maj be impossible for the patient to oiear dentures mth comfort The 
method of circumferential -mimg of the mandible and denture was therefore 
introduced On the posterior fragment | m from the fracture line a point 
IS marked on the buccal sulcus at the reflection of gum to cheek A Reverclin 
needle or trocar and cannula is passed close to the bone, emerging tJirougb 
the skm at the lou er border of the mandible Stainless steel uire, 0 5 mm 
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Fractore of an edentoloos mandible inimobibsed bj Gunning b splint 
vnth circnmferential mnng 


diameter is guided tlirough tlie cannula and pulled mto tlie mouth The 
cannula is withdrawn At a correspondmg pomt of the reflection of mucous 
membrane from the gum to the floor of the mouth the instrument is parsed 
agamst the Imgual surface of tlie bone to emerge through the same skin 
perforation The other end of the wire is brought into tlie mouth rhe 
■wire IS then sawed tlirough the tissues until it lies in close contact 'Hith the 
mandible In a sunilar manner two other wires are passed one J m in front 
of the fracture hne and one on the opposite side of the jau Ihe patient s 
denture or a specially made vulcanite or acrjlic plate is placed in po'sition, 
the fracture is reduced and the three wues are tmsted tightlj oicr tlio 


^ Extonaf pin fixation by two-pm sphnt— Tiic two pin splint " 

tion of the technique devised bj Roger Anderson and Ilwies for fractures 
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of the shafts of long bones (pp 162 and 186) It consists of a pair of hw 
pm units one unit fixed in eich fragment and secured to e'xch other b> 
means of a connecting rod ^ upper and loner borders of the mandible 
and the line of fracture are marked on the skm with Bonncj s blue ink 
An assistant holds the postenor fragment firralj near its lower border 
1 m from the fracture line a pm is drilled obliquely mto the bone at an 
angle of 60® a second pin is then drnen m crossing the first at an angle of 
30° to 4o° Another pair of pins is similarly drilled obhqiielj into the other 
fragment of the fractured bone Universal clampmg joints are attached 
firmly to the pms and the 
connectmg rod is looselj 
attached The fracture is 
reduced the clamps on 
the connectmg rod are 
securely tightened and the 
fragments are thereby im 
mobilised m the reduced 
position (Fig 595) 

Another skeletal tn-ns 
fixion method used in 
fractures of the long bones 
which has been apphed 
to mandibular fractuies is 
direct transfixion of the 
two fragments by Kirsch 
ner ues or iieavier stam 
less steel wires drilled 
through puncture stab 
wounds and left in posi 
tion nith the uires pro 
jectmg through the skm 

for a period of three to moflkeoandble l«opn 

nve weeks ' ® 



Complications — ^The complications of fracture of the mandible include 
sepsis mal union non union and trismus Sepsts ia controlled bj drainage 
of ffie bone removal of sequestrated bone and dead teeth and profonged 
immobihsatJon Mal umon due to failure of earh treatment nnj cause 
mal occlusion and necessitate extraction of teeth and the fitting of dentures 
More serious deformity includmg mandibular protraction and retraction is 
treated by osteotomj followed by immobilisation in the corrected position * 
Aon union is usuallj due to extensive loss of bone uitli infection and 
imperfect immobilisation W hen quiescence of infection has been secured 
and a sufficient interval has elapsed a broad flat graft is cut from tlie crest 
of the ihum and laid across the gap m contact -with at least i in of raved 
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bone on each fragment > = Fixation is secnrcd bj cap spbnts or one of tlio 
methods outlined above Internal fixation by -wires or screus should not 
be used because there i& danger of recurrent infection Tor the same reason 
uowlem advocates that the graft should not melude cortical bone In 
the presence of infection corticil bone nndeigoes sequestration and causes 
persistent delay m union of the fracture This is avoided bj usuig only 
cancellous bono chips If reliable fixation is secured bj splints the fracture 
unites even if slight infection recurs It is therefore unnecessarv to wait 
many months" before performing the grafting operation it maj be under 
taken withm a few weeks of healing of the wound Trwnvs nia\ follou 
fracture dislocation of the condjles or compound commmuted fractures of the 
ramus It is sometimes necessary to use cap splints on the upper and lower 
teeth fixed \v ith a screwing device by which the jaw can he opened gradualh 


DISLOCATION OF THE MANDIBLE 

\\ hen the mouth is widely opened the head of the mandible on each side 
slides forwards into an unstable position on the emmentia articulans A 
relatively hght blow on the ohm then causes bilateral dislocation The 
displacement may arise spontaneously b> the pull of the ptervgoid nnl^cIe 
durmg jawmmg and vomiting or while taking an xmusuallj wide bite 
Unilateral dislocation occasionally follows the imskilful ii«e of a mouth gag 
Climcal features — The mouth is held rigidlv open w ith the jaw projecting 
forwards in bilateral dislocation and towards the uninjured side m unilateral 
dislocation Swallow mg and articulation are difficult and sahva dribbles 
from the mouth The head of the mandible may be felt m front of its usual 
position with a hollow behmd it at the level of the tragus 

Treatment — ^The operator- stands m front of tlie patient \\itli hw 
protected thumbs passed into the raoutli he presses the angles of the jaw 
downw'ards and at the same time raises the chm with liL-f fingers outside 
the mouth As a rule the displacement is corrected easily wathout nnTS 
thesia If the dislocation is of longer standing and there is unusual difiiculti , 
pieces of cork may be placed between the molar teeth on which the jaw can 
be levered when the chm is elevated A bandage whicli elevates and supports 
the chm is kept m position for ten or fourteen days , a four tailed bandage 
which pulls the chin backwards sboiild be avoided 


FRACTURE OF THE CONDYLE AND FRACTURE-DISLOCATION 
OF THE mandible® 

In fracture dislocation of tbe temporo mandibular joint the bend of the 
mandible is dislocated from the glenoid fossa and it is separated fioni the 
condylar process by a fracture of the neck of the mandible Ihc injury w 
often bilateral and it may be associated nitli oilier fractures of the mtmlililc 
Treatment— n the fracture dislocation occurs ns an isolated iiijiir , 
successful reduction maj be possible by the mantmivio descrilied fo”'"’ ™ 
dislocation If this fails tliree methods of treatment are ai aihhle opera 11 e 
reduction excision of the head of the mandible consen alii e troatmciit 
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No operation on the teniporo mandibular joint is eas\ beeinse tliere is 
vigorous liaimorrhage and it maj be difficult to avoid injurj to filaments 
of the facial nerve The dissection u Inch is necessar3 to expose the displaced 
head is liable to cut its ligamentous and muscular attachments, and by 
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Biiatm! fiactute tlialocation of lempoto mandibular joints with a eomminulMl 
frwture of the body of the maud We— obhqoe iieia of the kft an! right 
(rmporo mandibuhr joints 
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''amo case as sho \n in Figs hOf and 97 el owing the free range of pa nl sa 
miiemcnt which raav dc\ck>p despite fait ire fo reduce the fracture dislocation 
Tim patient is now a phjsical training instnietor m the ami\ ant ias no 
(Iinfait tv at ail 


(lopiitjng it of blood supply to cause a\ascular necrosis ImalK, unless 
the uhole cauricle is reilected fontanls b\ an incision behind it a facial sear 
is inevitable It i-, also to be recog^iscrl that the results of non-opcrnti\o 
treatment are surprisingly good eaen yylioii reduction fads {Figs 390- "lOO) 
The best treatment therefore, is to attempt mnnipulatiye reduction and 
yiliether it succeeds or not, to support the jiw uitli tlie teeth in accurate 
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ajUBIES OF THE TBUXIv AXD HEAD 

occlusion by means of bandage or cap splints and to permit nclne mobilB .1 
tion within two or three weeU Any tendenci to lateral deviation of the 
jaw may be controUed even after mobilisation has begun bt fitting a cap 
splint on the lower teeth inth a flange agamst the upper teeth on the opposite 
side If the resultmg range of moaenient proles to be iinsatisfactorv or 
painful late excision of both mandibular heads can be considered 

Summary oi the treatment oi mandibular fractures— 1 Teeth in Loth 
fragments of lower gaw and xn upper spbnting or interdental 

2 Teeth xn both fragments of jaio unth loss of subsittnce~Thxo\ig\i and 
through drainage and interdental winng until cap sphnts are unde 

3 Teeth in both fragments of lower gaw but absent from upper Cip 
spimtmg n ith upper denture for occlusion or to o pui splmt 

4 Teeth in anterior but not in gmterior fragment of lower gaw^Cxp 
splints or interdental wiring with a gutta percha mould pressing on the 
edentulous fragment or a two pm splint or uire tnctjon on the posterior 
fragment to a rod connected uith a plaster head cap 

0 Sdentuious mandi6ie and eiieatufous inan((a — Gumnng s spfiiit 
circumferential u irmg or two pm spbiit 

6 Fracture of ramiw— Immobilise for short period b\ cap splints nitli 
lock pin or interdental mring or Gunning s splmt 

7 Fiacture of condyle and fracture dislocation ofjaw—Vemnt carl\ mo\c 
ment but prevent lateral denation of the jan by cap splmt on lower teeth 
svith flange agamst upper teeth on the opposite side 

CCASSinCATIOIf OF FRACTURES OF THE FACIAL BONES 

The framework of the face is light and elastic It consists of a 8ene*i of 
bone plates which with the exception of the malar and palatal areas arc tlim 
and fragile It is suspended from the si nil by four xertical plates (the 
medial and lateral orbital w alls) together with tbe zs gomatic arclies ptcr\ goid 
plates and lateral orbital margms These bones are intuintelj connected 
as a complete facial skeleton and to consider them as separate bones is no 
more than an anatomical exercise Injuries of the face should theref rc lx 
classified as fractures of regions and not as fractures of indnidiial bones 
Le Fort studied the effect of direct violence m experimental w ork on cadaver^ 
He described three Imes of weakness which form the basis of nnm clas.'-ifica 
tions (Fig COO) The following classification is modified from ">10111 loo ‘ 

1 Fractures of the naso maxiUarj unit 

(i) ^asal fractures 

(u) Bilateral naso maxillarj fracture 

2 Fractures of the malar maxiUarj unit 

(i) Impacted fracture of the malic 

(ii) Comminuted fracture of the zj gomatic aich 

3 Fractures of the palatal umt 

(i) Horizontal separation of the palate 

(u) ’\Iidlme separation of tlie palate 

(ill) Palatal ah eolar fractures 

A n Mclodoe D agnos.s aiidT-?»tnientof Injures J| il4 TI loflace I iptJ'vr^l 
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SSPASATION FRACTWRtS OF PAlATt PAtATAL ALViOLAR FRACTURES 
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ClassificahoQ ol lacso-maxiUatT ftactoies 
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FRACTURES OF THE NASO MAXILLARY UNIT 

Nasal Iractures— Deforraitj dne to fracture of the nasal bojios an/l 
cartihges is of four tj^pes according to tbe direction of noloncc (anterior or 
lateral!) and the site of the Won (Fig 601) (1) WliMi nn iTiLr,r.> 

str^es the nose near the glabella the nasal bones and adjacent nasal 
of the ma\il]aa are driven into the eavitj of the nose tlie upper pari of the 

In profile the fronto nasal angle js lost and the tip of the no,c js rotateil 

upwards as seen 
from the front the 
nostrils are ahnor 
mallv conspicuous 
(2) Uhen the blow 
is sustained near tlie 
middle of the ridge 
at tlie jiuiction of 
bone and cartilage 
the nasal bones are 
sepsnted at tlieimd 
line and driven back 
uith their htcnl 
margins overlapping 
tlie nasal process 
of the maviIlT so 
that tJie deformiK 
mcludes not onl\ 
flattenuig of the 
bridge of the nose 
hut also broadening 
of the base (J) X 
blow at a still lower 
lead causes fracture 
of the Iionj or carti 
hginous part of the 
septum or thsloca 
tioii of the scjituin 
from its 1)0110 ridge 

on the \ omer or from its attachment to the columelHr cartilage Dislocation 
from the columella gives ris"* to an obvious ridge within the nostril due to 
the displaced sharp septal mai^n (4) Lateral violence displaces the nasal 
ndge to the side towards which the force was tra%elhng and rise to 
an S shaped deformity The nasal bone yyliichrcceives the blow is flattened 
its anterior margin being impacted beneath the opposite nasal lione wJiici 
hes more vertically . 

Treafment — ^Profuse hvinorrhage may necessitate pluggmg of tic nos 
as a first aid measure Plugs must be removed as soon as possible and 
they should not be used at all if there is cerebrospinal rhmorrhfrn J c 
deformity must be reduced under moesthesia Simple manipula ku m i 
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\asil fractures due to anterior Tjolcnce raus« <tepress ou 
of the nasal bndge lateral violence ra ses an $ shape 1 
deform ly 
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the fingers in’i\ suffice to correct lateral displacement but if there is impaction 
of the fragments or depression of the bridge of the nose forceps are neces's'irj 
Ash s forceps are inserted -ttith one blade on each side of the septum so that 
the deviation of the septum is corrected and the bridge of the nose elea ated 
Long bladed forceps {W alsham s forceps) protected \i ith rubber tubing m ith 
one blade mside and one outside tlie nose are then used to correct the position 
of the nasal bones hen the deformitj is completelv corrected reduction 
IS often stable nitbout external support but it maj be wise to use small 
plaster slabs 1 in b\ 3 in or to appl 3 lateral pressure b} gutta percha 
moulds fixed to a 
plaster head piece If 
intranasal support is 
needed padded finger 
cots should be mserted 
in tlie nostrils for 
about tuentyfour 
hours Occasionally 
a special intramsal 
spluit may be required 
(Fig 002) 

Bilateral naso> 
maxillary Itactutes — 

These fractures follon 
the second line of 
weakness described by 
Le Fort (Fig 600) 

The maxilla is dis 
placed backu ards be 
ti\ een the malar bones 
thus causing mal 
occlusion of the teeth 
The upper teeth he 
behind the loner and 
there may also be 
upn ard rotational dis 
niacenient of the eplmt of light BircprottclecJ by rubl>er to prevent 

^ ti .T ^ I redisplaccment of vertical impact on fractures las moil ficd by Corr (• 

maxilla so that when Can«t iM Jout 1934 kd 

the jaus are closed 

only the molar teeth meet — the open bite deformita Tliere is aery 
extensiae bruising and swelling of the face which in early da\s conceals 
the deformity Diplopia is common 

Treatment — Aasal impaction is corrected ba means of Ashs and 
^\ahhams forceps The maxjlHra block is tlien gripped witli special 
forceps designed watli spikes by nhich to secure a firm hold of the alveolar 
bone 1 The bone is rocked until impaction is releaoed Reduction of the 
fracture is mamtamed by a ma\illar\ cap sphnt cemented to the teeth 
and fixed ba means of a rod and universal joint (Walker Cloiiston jomt) 
to a plaster head cap * (Figs 60)607) ^lovlem has used check wires 
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attached to the mandibular and maxillary teeth and passmg through the 
substance of each cheek to a plaster head cap a (Fig COS) 



FRACTURES OF THE MALAR-MAXILLARY UNIT 
Impacted fractures of themalarindeommmutedfractures of the z\gomatic 

arch* are due to Kteial ^^oleuce Thej 
are often sustained during foothill bj tlie 
impact of another player s head or as the 
result of a fall or motor crash The lines 
of fiacture of an impacted malar corre 
spend fairly closelj nitJi the articulations 
of the bone except that the inferior fracture 
Ime posses through the malar process of the 
maviUa which is mcluded m the displace 
ment {Fig COO) The mahr prominence is 
flattened and the cheek prolapses but the 
t' / deformity is often concealed b;i suelhng 

|||Bk and haemorrhage The lateral u all of the 

^ antrum is broken the sinus Alls uatli blood 

and there is bleeding from the nose 
[HB Opacity of the antmm IS disclosed in radio 

graphs and by trausillumination of the 

face The fracture line usually maolvestho 
inferior orbital canal and contusion of the 
infra orbital nerve causes anaesthesia of 
the face The superior alveolar iiencs 
may also be mpired The roof of the 
antrum is fractured and sinking of the loner and outei part of the orbit 
causes diplopia Depression of the zygomatic arch interferes with inoi emeut 
of the coronoid process so that it is difficult 
to open and close the mouth (Fig 603) 

The mandible mav suing to the opposite 
side and cause mal occlusion of the teeth 
Treafmenl — ^Tlie malar should be ele 
a ated as soon as possible Tlie hair of tlie 
temporal region is shaved and an incision 
about 1 m in length is made within the 
hair margin anterior and parallel to the 
superficial temporal vessels The deep 
temporal fascia is divided and a long lever 
such as a periosteum elevator or a Kilner s 
malar lever is passed through the 
substance of the temporal muscle until 
it lies beneath the body of the malar 
A fulcrum is supplied under the lever by 
a small rolled bandage and the malar 
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Depressed fracture of the malar %utl) kek 
iDg of tbe jaw Although photographed 
•with n three hours of accident the de 
fona ty is iilreadf m«l ed hy swelling 
and ecchymos s 
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IS disimpacted and elevated (Fig ®)4) The instrument should be passed 
imder all parts of the bone from the zygoma to the orbit and doim 
to the lower margin It is often nnnecessarj to nse post-operative support, 
but if the bone tends to redisplace when the lever is remoi ed the antrum 
should be pacbed The gum mucosa is incised behmd the canme tooth, 
and through a small antrostomj the cavity is lightlj' packed with Z-m 
nbbon gauze soaked in pig lodoformi co (Whitehead's \amish), the 
malar bone being lield meanwhile in the corrected position The end of 
the ribbon gauze is left lying free m the mucous membrane wound 
Alternatively reduction may be mamtamed bj passing a wire through vthe 
orbital angle of the malar and attaclnng it to a rod fixed to a plaster 
head-piece ^ 

FRACTURES OF THE PALATAL UNIT 

Horizontal separation fracture of the palate — This injury, known as 
Guerm’s fracture, closely follow a the first line of mavillary w eakness described 
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Methods of imiDobibaing the maTille 


by Ee Fort (Fig COO) A severe blow centred near the nasal spine separates 
the palate and drnes it backwards The upper incisors bite behind the 
lower, and there may also be rotational displacement causing an open bite 
deformity Tlie displacement is reduced bj gripping the palatal bones on 
each side at the aUeolar margm with special forceps, rocking the bone 
until It is disimpacted, and replacing it m accurate occlusion with the 
mandibular teetli Reduction is nnmtained bj a maviliarj cap splint 
cemented to the teeth and fixed to a lOngslev’s spbnt, or to a maxillary 
splint with universal joints (Figs 605 607) 

Vertical separation fracture of the palate — ^Tlie clinical diagnosis of imdline 
separation of the palate is obvious because there is a Msible split m the 
mucous membrane of tlie roof of the mouth, mal, occlusion of the teeth 
and a wide gap between the central mcisors (Fig GOO) First aid treatment 
consists simply m fixmg elastic bands to teeth on opposite sides of tlio upper 

‘J.W Gcme ' Fracture of the jfaiHUry rjgomatteCon PoiukI * fnoo/ Vrif Jour June 19S« S3 j 
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'fasiUary spbnt \n(h W*lker Cloustoa nmvcrsal joint* 



Fig 607 


Ma^iUaiT splint with uniirisal joints Bhowing wire u«e(i 
for traction with Balkan Beam apparatus to bring font aril 
mauUa (it w nsnalh newssaij to hai e a crown pine jn 
plaster head eajB — *ee COo) 
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This often succeeds in reducing the displacement but if it fails cap 
splmts are fitted to the teeth of the right and left maxilla} Tvitli a connecting 
bar across the palate uliich can be screwed jip and shortened One half 
of the palate is sometimes displaced upwards as well as outwards and after 
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B lateral naso mCx llary fracture n tbe pat ent sho vn in F ga fOO C07 The 
middle Ih rd of the face nci d g nasal bones and ma^ ll» is tl rust backwards 
betirces the malar Ixme Lflless t $ held fon arls I r maxillary spl nts a 
fl s! face defomi ty rema ns 

reduction by traction the maxilla must be fixed to the mandible by cap 
splints with lock pins 

Palatal-alveolar fracture — One section of the nlveoltiB is separated and 
the fragment together witli the toetJi it cames is driven m towards the 
palate or displaced in the opposite direction (Fig TOO) Pisplacement is 
reduced by manipulation and fixation is secured bj cap sphnts 


END OF XOI.UME I 
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